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CONFIDENTIAL 


Detailed  and  extensive  computations  have  been  made  to  de- 
termine the  response  of  an  infrared  detecting  system  as  a function 
of  tie  following  five  quantities: 


1. 

2. 

3. 

4. 

5. 


Effective  temperature  of  the  source 
Spectral  response  of  the  detector 
Meteorological  conditions 
Elevation  angle  of  source 
Dietance  cf  source 


The  results  of  these  calculations  are  contained  in  enclosure  1 dated 
January  18,  1949 o The  results  are  presented  in  the  form  of  37  tables 
of  numerical  values. 


Enclosure  2,  dated  February  24,  1949*  contains  brief  summaries 
cf  the  information  available  in  18  different  reports  on  the  subject 
of  the  infrared  radiation  from  potential  targets. 


Enclosui'es  3 and  4,  both  dated  January  7,  1949?  contain  de- 
tailed considerations  relating  to  the  design  of  the  channel  amplifiers 
used  to  supply  the  major  amount  of  gain,  and  also  the  compression 
necessary  to  present  a very  large  dynamic  range  on  the  screen  of  a 
cathode  r-oy  tube. 


This  is  the  last  progress  report  on  this  study  contract. 
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Effect  of  Atmospheric  Absorption  on  the  Response  of  Infrared  Detectors 

Pert  III 
R.  Clark  Jones 
January  18,  1949 

Introduction 


This  is  the  t:  ird  and  Inst  of  a series  of  three  reports  whose 
combined  object  i s the  determination  of  the  response  of  an  infrared 
detector  as  a function  of  the  following  five  quantities: 

1.  Effective  temperature  of  the  source 

2.  Spectral  response  of  the  detector 

3.  Meteorological  conditions 

4.  Elevation  angle  of  source 

5.  Distance  of  source 

In  Part  I,  dated  September  24,  194?,  (plus  an  important  supple- 
ment doted  December  2,  1949)  the  absorption  factor  of  the  atmosphere 
was  determined  os  a function  of  the  first  two  cf  the  above  quantities 
and  of  the  equivalent  thickness  of  water  vapor  in  the  optical  path. 

The  results  obtained  in  Pert  I were  presented  in  Tables  111,  IV,  and  V. 
Each  of  those  tables  presented  essentially  the  some  information  but 
in  different  forms.  Table  III  presented  the  effective  power  in  ergs 
per  second  radiated  unilaterally  from  one  square  centimeter  of  a source 
at  temperature  T in  degrees  Kelvin  v;>  ich  would  be  effective  in  evoking 
a response  from  e given  detector.  Table  III  contained  the  results  for 
six  detectors,  six  source  temperatures,  end  six  equivalent  thicknesses 
of  water  vapor.  Table  IV  showed  the  ratio  of  the  response  to  the  response 
that  would  be  obtained  with  zero  equivalent  thickness  of  water  vapor, 
and  Table  V showed  the  ratio  of  the  energy  utilized  by  a given  detector 
to  that  which  would  be  utilized  by  a thermocouple. 

In  Pert  II,  dated  November  24,  194?,  the  equivalent  thickness 
of  water  vapor  was  calculated  a3  a function  of  the  lest  three  quantities 
listed  above.  Part  II  contained  no  extensive  numerical  results,  but  was 
devoted  primarily  to  developing  the  theory  for  the  calculation  of  the 
equivalent  thickness  of  water  vapor. 
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In  this  report  there  is  cal culated  the  power  in  ergs/sec 
radiated  by  one  square  centimeter  of  the  so.rco,  which  is  incident  upon 
one  square  centimeter  of  receiving  area  and  which  is  effective  in  evok- 
ing a response  from  the  detector.  The  results  are  contained  in  Tables  I 
through  XXXVI.  Each  of  these  tables  holds  for  one  given  source  temper- 
ature and  for  one  given  detector.  The  power  defined  above  is  tabulated 
in  each  of  the  tsbles  as  a function  cf  six  different  ranges,  six  differ- 
ent elevation  angles,  and  four  different  surface  ambient  temperatures. 


Theory 


The  present  report  will  use  essentially  the  theory  developed  in 
Part  II  but  with  some  changes.  In  order  to  hove  the  theory  all  in  one 
place,  the  theory  will  be  developed  anew  in  this  report. 


Let  s be  the  saturated  density  of  water  vapor  in  the  atmosphere. 
The  definition  of  this  quantity  for  temperatures  below  0°  C is  ambiguous 
because  one  dees  not  know  whether  the  water  vapor  is  in  equilibrium 
with  under-cooled  liquid  water  or  with  ice.  This  ambiguity  will  here 
be  avoided  by  assuming  that  the  water  vapor  is  in  equilibrium  with 
under-cooled  liquid  water. 


The  saturated  density  s is  a function  of  only  the  temperature. 
It  is  completely  independent  of  the  pressure.  One  thus  has 

s = s(t) . 


(1) 


It  will  be  assumed  throughout  this  report  that  the  temperature 
of  the  air  is  a function  only  of  the  elevation 


t 


= t(h). 


(2) 


Sy  combining  these  tvvo  relations  ore  finds  the  density  s es  a function 
of  the  height 


s = s (t(h) ) . 


(3) 


Let  H be  the  relative  humidity  of  the  air,  defined  as  the  ratio 
of  the  actual  density  of  water  vapor  to  the  saturated  density  of  water 
vapor.  It  will  fee  assumed  throughout  this  report  that  the  relative 
humidity  is  a function  of  only  the  elevation.  One  thu3  has 

H = H(h).  (4) 


Let  u be  the  actual  density  of  water  vapor  in  the  atmosphere. 
One  then  has 


u(h)  = H(h)  s (t(h)) . 


(5) 
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Then,  if  the  elevation  angle  of  the  target  is  9,  and  if  the 
distance  to  the  target  is  R,  the  equivalent  thickness  of  water  vapor 
In  the  optical  path,  denoted  by  c , is  given  by 

R 

*1  ( 

r = f>  \ u(h)dj2  , 
o 


where  is  the  distance  measured  along  the  optical  path 

£ = h esc  6. 


By  substituting  Eqs.  (5)  and  (7)  in  Eq.  (6),  one  finds 

R/csc  G 

tr  =■  ^ esc  0 { H(h)  s (t(h))  dh, 

o 


(6) 


(7) 


(8) 


where  jO  is  the  density  of  liquid  water. 

This  expression  for  the  eoui valent  thickness  of  water  vapor 
in  the  optical  path  becomes  determinate  when  one  knows  the  functions 
(1),  (2),  and  (4).  In  the  absence  of  rrore  explicit  information  about 
these  functions,  Eq,  (?)  is  as  far  as  one  may  go  in  reducing  the  ex- 
pression to  an  explicit  form. 


form  of  Equation  (1) 


Of  the  three  functions  to  which  explicit  form  must  be  given 
Eq.  (1)  is  by  far  the  most  completely  known.  The  density  of  water 
vapor  in  equilibrium  with  liquid  water  is  given  in  many  textbooks 
on  thermodynamics  and  on  steam  engineering,  and  is  given  also  in  the 
Handbook  of  Chemistry  and  Physics.  The  information  used  here  is  taken 
directly  from  The  Transmission  of  Infrared  in  Cloudy  Atmosphere  by 
H.  Gaertner,  Nsvord  Report  429,  dated  June  1,  1947.  Cn  page  1?  of 
this  report  one  finds  the  following  table: 

Temperature  Saturated  Density  of  Water  Vapor 

Degrees  Centigrade  in  Grams  per  Cubic  Meter 


-10 

2.14 

-5 

3.24 

0 

4.84 

5 

6.8 

10 

9.4 

15 

12.8 

20 

17.3 

25 

23.0 

na 
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This  information  ic  shorn  by  the-  circles  in  Fig.  1 with  a logarithmic 
scale  for  the  density  and  a linear  scale  for  the  temperature.  It  is 
evident  that  the  circles  ore  fairly  well  approximated  by  the  straight 
line  whore  formula  iB 


s - 


(t  in  degrees  Centigrade} 


with 

3 

s0  = 4.6  g/m 
p = 0.0665/deg. 

Equations  (9)  end  (10)  provide  an  adequate  representation  for  s(t) 
fc-r  temperatures  lying  between  -15°  C rnd  a 30°  C.  A somewhat  better 
fit  of  a straight  line  to  the  data  in  the  above  table  may  be  obtained 
by  an  expression  of  the  form 


(9) 


(10) 


= s e 

o 


(T  in  degrees  Kelvin) 


but  the  increased  precision  of  this  formula  is  not  worth  the  added 
mathematical  complexity  to  which  it  leads. 


Fn*rm  o f'  P**  ^ ^ r'r>"  rw»«4  ( / ^ 

I vilil  ^ A f (AAA'Ll  V'H-  / 


Unlike  Ec; . (1)  whose  form  may  be  determined  by  laboratory  measure- 
ments, the  form  of  Eqs.  (?)  end  (4)  depends  on  meteorological  conditions. 

It  is  obvious,  of  covrse,  that  no  simple  and  generally  valid 
expressions  may  be  written  for  the  temperature  and  humidity  as  a function 
of  elevation.  The  actual  functions  will  depend  greatly  on  the  history 
of  the  air  mass  over  the  place  in  question.  In  particular,  the  presence 
of  a front  between  two  different  air  masses  may  lead  to  a very  complicated 
situation. 

It  is  further  evident,  however,  that  it  is  not  feasible  in 
these  calculations  to  take  account  of  all  the  possible  conditions. 
Accordingly,  the  calculations  will  be  based  on  the  average  temperature 
and  humidity  as  a function  of  elevation. 

Information  on  average  relative  humidity  and  average  temperature 
as  a function  of  elevation  has  been  obtained  from  two  sources. 
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Table  11. — Lapse  Kates  of  Temperature  in  the  Lower  Troposphere 


North  Antcricn 


1 

Januurv, 

July, 

latitude 

I/ongit  tide 

deK  C 

<1<K  <' 

j 

1 

1 

1 

/1000  m 

/1000m 

West  ( 'oast 

] 

r "■ 

' 

1. 

Nome 

04°  X 

105°  W 

4 2 

5 (1 

2. 

Ketchikan 

55”  N 

132  W 

•*)  7 

.*»  ;> 

3. 

Seattle 

48°N 

122  \V 

5 1 

5 4 

4. 

Oakland  . . 

38N 

122  \Y 

1 9 

3 1 

Inland 

♦5. 

Fairbanks. . 

05°.v 

148°\v 

3 1 

7 0 

B. 

Minneapolis . 

45°  N 

93  W 

2 ( '» 

5 0 

7. 

Oklahoma  Oitv 

' 35 ' N 

98  \Y 

3 2 

f>  f> 

8. 

San  Antonio. 

29°  N 

98  AY 

i j •* 

5 3 

Hast  ( '.‘utst 

I 

9. 

Portland 

44  °X 

70°\Y 

I 3 3 

5 3 

10. 

Charleston 

33°  N 

SO  AY 

! 4 • 

5 7 

11. 

Miami 

20  N 

SO  \Y 

4 7 1 

.*>  .*i 

Kit  rope 


West  Coast 

| 

12. 

IlnmlnirK 

5 IN 

io  i; 

4 7 

.*» 

4 

13. 

l)e  Kooij 

53  N 

5 !•: 

5 1 

•*) 

0 

. Inland 

14. 

Pavlovsk 

00  N 

3o  i ; 

5 0 

0 

0 

15. 

Lindenberg 

52  N 

i4  i: 

4 0 

0 

10. 

Yienna . . . 

IS  X 

io  i: 

1 3 

1 

( leeans 

17. 

Atlantic  Station 

1 About  37  N 

57  W 

5 4 

•’) 

3 

IS. 

Atlantic  Station 

II  About  37  N 

17  W 

5 0 

•*» 

0 

19. 

Coco  Solo. 

9 N 

SO  W 

5 0 

.*> 

2 

20. 

Swan  Island 

.i  17  X 

84  ’\Y 

5 0 

• > 

2 

21 

Pearl  Harbor 

21  X 

158  W 

1 5 

4 
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The  first  of  the  sources  is  Benjamin  Rstncr,  "Temperature, 

Pressure,  and  Relative  Humidity  over  the  United  States  and  Alaska" 
dated  I5ay,  1945.  This  report  is  available  from  the  Climate  and  Crop 
Division  of  the  V.eathc-r  Bureau.  The  report  contains  information  of  the 
year  on  the  temperature  and  relative  humidity  for  heights  between  the 
surface  and  SO  kilometers.  This  information  is  given  for  37  places 
in  the  United  States  and  Alaska.  The  only  sea  locations,  however,  as 
distinct  from  continental  locations,  contained  in  this  report  are  Swan 
Island  in  the  Rest  Indies  and  San  Juan,  Puerto  Rico.  Plots  showing  the 
vertical  temperature  distribution  at  these  two  locations  ere  shown  in 
Fig.  2.  The  relative  humidity  as  a function  of  elevation  at  these  two 
locations  is  plotted  in  Figs.  3 and  4.  The  two  curves  in  each  of  these 
figures  hold  for  the  months  in  which  the  relative  humidity  differs  most 
markedly.  Thus  the  curves  for  all  of  the  ether  months  will  lie  between 
the  two  curves  shown. 

The  second  source  of  information  is  the  book  Climatology.  by 
Bernhard  Keurwitz  and  J.  M.  Austin  (?«cGrsw  Hill,  194477"  Pages  39-43 
of  this  book  contain  an  excellent  discussion  of  the  lapse  rates  of  tem- 
perature in  the  troposphere.  Table  XI  of  this  book  is  reproduced  as 
Fig.  5.  The  section  of  the  table  entitled  "Oceans"  is  of  particular 
interest  here  and  indicates  that  the  lapse  rates  at  the  locations  indicated 
arc  all  near  5°  C per  kilometer  in  both  summer  and  winter.  This  inform- 
ation supplements  that  in  Fig.  2. 

Examination  of  Figs.  2 and  5 permits  the  following  generalization: 

The  temperature  decreases  linearly  as  the  height  increases.  Further- 
more, In  the  tropical  locations  involved  in  Fig.  2,  the  lapse  rate, 
and  indeed  the  overall  temperature  pattern,  is  quite  independent  of  the 
time  of  year. 

Examination  of  Figs.  3 and  4 Indicates  tlv't  the  importance  of 
relative  humidity  variations  is  much  less  then  that  of  temperature  vari- 
ations. Accordingly,  for  the  purpose  of  n rough  overall  survey  it  is 
adequate  to  suppose  that  the  relative  humidity  depends  on  elevation  In 
accordance  with  the  straight  lines  s’r  own  in  Figs.  3 and  4.  The  suit- 
ability of  this  approximation  is  increased  by  the  consideration  that 
the  relative  humidity  needs  to  be  known  with  s fair  accuracy  only  at 
small  elevations.  At  larger  elevations,  the  temperature  is  so  much 
lower  than  it  is  at  the  surface,  that  the  part  of  the  path  at  higher 
elevai'ons  contributes  only  a small  part  of  the  total  equivalent  thick- 
ness of  water  vapor. 

Thus  it  will  be  supposed 

H = H e”  Vh  OD 

o 


t 

o 


c*  h, 


t 


(1?) 


6- 
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where  t and  11^  are 
humidity,  and  where 
reciprocal  length,, 
3-  4,  and  5 will  be 


the  surface  xerrpcrnture  and  the  surface  relative 
o<  end  v are  constants  with  the  dimensions  of  a 
The  following  numerical  values  tr ken  .from  Figs.  2, 
used  in  this  report. 


H = 0.S8 

o 

<*.  = 0.0051/^mettr 
Tf  = 0.000092/meter 


(13) 


(?  -h  IT  =!  C. 000436/meter . 

Accordingly,  by  virtue  of  the  specific  numerical  resumptions 
involved  in  Lqs.  (11),  (1?),  and  (13),  the  specification  of  the  meteor- 
ological conditions  has  been  reduced  to  the  specification  of  the  surface 
temperature  t0. 


Explicit  Form  of  Fouation  (8) 


On  the  basis  of  Eqs.  (9),  (11),  and  (12)  it  is  now  possible  to 
give  a more  explicit  form  to  Eq.  (8).  Upon  substituting  the  first  three 
named  equations  in  Eq.  (8)  and  performing  the  indicated  integrations, 
one  finds 


r = 


H e e 
o o 


Po 


cso  6 


(1  - 


-(<*,3  4 y)R 
esc  0 


f>  (*  <3  * r) 

If  now  one  notes  thrt  the  density  of  watei  vapor  at  the  surface  is 
given  by 


(14) 


u _ - s H e 
surf  o o 


(15) 


and  that  the  water  vapor  density  at  the  target  is  given  by 


ft0  - JR 

Utgt  = SoHo*  crc  6 


(16) 


then  Eq.  (14)  may  be  written  in  the  following  more  compact  form: 


c = 


cec  6 


(u 


^ J- 


"a  (<x  p + hr ) v surf  tgt 


IS 


(17) 


POLAROID  CORPORATION  — RESEARCH  DEPARTMENT 


Qucr'tior.'  of*  Units 


It  is  convenient  to  express  the  saturated  ?/ater  vapor  density 
u in  grams  per  cubic  meter.  It  is  furthermore  convenient  to  have  th© 
height  b and  the  range  expressed  in  meters.  If  then  it  ie  desired 
that  the  equivalent  thickness  of  water  v-por  xr  be  expressed  in  centi- 
meters, Eq.  (17)  must  be  written 


c(R>  a,tQ) 


sssJJ (u 

j surf 

10*(<*  (9  ♦ r) 


where  17  is  in  centimeters,  u is  in  grams  per  cubic  meter,  is  in 
degrees  per  meter,  and  where  the  density  of  liquid  water  has  been  set 
equal  to  one  gram  per  cubic  centimeter. 


(If) 


Expression  for  E 


Let  P(tr  ,t,l))  be  the  power  tabulated  in  Table  111  of  Part  II 
which,  as  stated  earlier  In  this  report,  is  the  power  radiated  uni- 
laterally from  one  square  centimeter  of  a perfectly  black  source  whose 
absolute  temperature  is  T,  reduced  by  the  transmission  factor  of  the 
atmosphere  containing  an  equivalent  thickness  of  rater  vapor  v , and 
reduced  further  by  a factor  representing  the  non-uniform  spectral  response 
of  the  various  detectors  D.  The  last  factor  is  unity  for  a thermocouple, 
but  is  less  than  unity  for  the  other  detectors  by  an  amount  which  de- 
pends on  the  spectral  response  of  the  detector  and  the  spectral  compo- 
sition of  the  radiation  incident  upon  it.  Then  the  energy  K received 
upon  on©  square  centimeter  located  at  the  position  of  the  detector  which 
is  effective  in  evoking  a response  from  the  detector  is  given  by 

F.  = — ~L~  P(r(H,0,to),  T,D),  (19) 

ttR 


where  the  detector  is  supposed  tc  be  at  the  surface  and  the  source  a+ 
the  position  of  the  target.* 

Equation  (19)  indicates  that  the  effective  energy  F.  depends  upon 
five  quantities: 

R:  the  distance  from  the  target  to  the  detector, 

0:  elevation  angle  of  the  target, 

t : the  ambient  temperature  at  the  surface, 

* it  should  be  noted  that  the  radiating  area  ie  assumed  to  be  flat  and 
normal  to  the  line  connecting  the  source  and  the  detector.  If,  on  the 
other  hand,  the  unit  area  of  source  were  a sphere  of  unit  surface  area, 
then  an  additional  factor  of  four  would  appear  in  the  denominator  of 
the  right  hand  side  of  E.,,  (19)  ° 


T:  the  absolute  temperature  of  the  source, 

D:  the  type  of  the  detector. 

The  function  P(r,T,D)  in  available  in  tabular  form  in  Table  III  of 
Part  II,  and  the  function  r(Rj®;t  ) is  given  above  in  Eq„  (18)  by  virtue 
of  the  numerical  assignments  (10*?  and  (13).  Accordingly,  the  computa- 
tional basis  is  available  for  the  calculation  of  K sc  a function  of  the 
five  parameters. 


The  Computations 


In  accordance  with  the  suggestions  of  Mr.  Dauber  summarized  in 
the  writer's  report  dated  Decembei'  20,  the  power  E has  been  computed  for 
the  following  independent  values  of  the  five  parameters: 

R:  3,000;  6,000;  10,000;  20,000;  and  30,000  meters 

9:  1°,  5°,  15°,  30°,  60°,  and  90° 

t : -10°  C,  5°  C,  20°  C,  and  35°  C 

o 

T:  350°  K,  400°  K,  500°  K,  600°  K,  800°  K,  and  1,000°  K 

D:  thermocouple,  PbS  at  290°  K,  PbS  at  195°  K,  PbS  at  90°  K, 

PbSe  at  195°  K,  PbSe  at  90°' K 

The  above  tabulation  indicates  that  there  are  5x6x4x6x6=  4320 
different  values  of  E to  be  computed. 

These  4320  values  of  K may  be  tabulated  in  a variety  of  ways. 

The  method  chosen  for  Tables  I through  XXXVI  is  to  hold  tie  source 
temperature  T and  the  type  of  detector  D constant  for  each  table.  Thus 
in  each  table  all  of  the  values  of  the  range  R,  the  elevation  angle  0, 
and  the  surface  temperature  tQ  are  represented . Because  cf  the  large 
number  of  results  obtained  it  was  not  felt  feasible  to  present  the  re- 
sults in  the  fora  of  plots.  It  mey  well  be,  however,  thet  anyone  desir- 
ing to  use  a restricted  part  of  the  information  contained  in  the  tables 
will  find  it  desirable  to  construct  nlots  fer  his  own  use. 


Because  oi  an  ex ror  which  oeCakc  uis covered  only  after 
the  tables  were  partially  typed,  the  quantity  tabulated  in  the  tables 
is  uol  E but  rather  E:  * 10  - E.  Accciulugly,  the  quantity  actually 
tabulated  in  Tables  1 through  XXXVI  may  be  considered  as  the  effec- 
tive power  incident  upon  one  square  centimeter  ana  radiated  by  one 
square  meter  of  source,  or  conversely,  as  the  effective  power  inci- 
dent on  one  sq’jare  meter  and  radiated  by  one  square  centimeter  of 
source.  A lees  useful,  but  mere  symmetrical  statement  is  that  E‘  is 
tho  effective  power  incident  upon  one  square  decimeter  and  radiated 
by  one  square  decimeter. 


Method  of  Calculation 


The  method  of  computing  the  results  contained  in  Tables  1 
through  XXXVI  was  ae  follows.  In  calculating  x by  Eq.  (IS)  the  water  vapor 
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_o_ 


density  u was  plotted  as  a function  of  elevation  for  each  of  the  four 
surface  temperatures.  The  height  of  the  target  was  computed  for  each 
of  the  ranges  and  elevation  angles.  The  values  of  u „ and  u.  , were 
then  read  off  the  plots  and  substituted  in  Eq.  (lC).SU?he  ecuiv.^Ient 
thickness  of  water  vapor  was  thus  determined  os  a function  of  R,  0,  and 

AVA/1  41 
CUiU  w • 

o 

In  order  to  obtain  E,  the  function  P(r',T,D)>  tabulated  in 
Table  III  of  Part  II,  was  plotted  as  a function  of  t for  ea .h  of  the 
36  combinations  of  source  temperature  T and  detector  type  D.  The  value 
of  P was  then  read  off  the  plots  and  E calculated  by  lie.  (19  . In  a few 
cases  the  value  cf  r computed  as  described  in  the  preceding  paragraph 
was  greater  then  50  cm.  In  these  few  cases,  the  value  of  E .'3  omitted 
from  the  tables.  If  the  value  is  needed,  it  may  be  obtained  with  fair 
reliability  by  extrapolation. 


Note  Added  Kerch  16 


The  equivalent 
Tables  I through  XXXVI 


thickness  of  water  vapor  used  in  calc  'la ting 
is  tabulated  in  Table  A. 


rej/ebb 
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Table  1 

o 

Source  Temperature : 1000  x 
Detector:  Thermocouple 


Values  of  F.' 


104  E,  where  E is  lx  erg*/(sec-cm4) 


R^rge  in  Meters 

3,000 

6,000 

10,000 

20,000 

30,000 

Surface  Te-nperature 

n 

= 35'  0 

3° 

0.56 

0.11 

0.032 

0.0062 

0.0029 

0.56 

0.11 

0.035 

0.0070 

0.0033 

15° 

0.60 

0.12 

0.038 

0.0088 

0.0039 

30° 

0,64 

0.13 

0.046 

0.011 

0.0048 

60° 

0,67 

0.15 

0.053 

0.013 

0.0058 

90° 

0.67 

0.16 

0.055 

0.014 

0.0061 

Surface 

Temperature 

IS 

% 

o 

o 

1° 

0.78 

0.16 

0.048 

0.0092 

0.0035 

5° 

0.78 

0.16 

0.051 

0.010 

0.0039 

15 

0.81 

0.17 

0,056 

0.013 

0.0055 

30° 

0.84 

0.19 

0,062 

0.015 

0.0067 

60° 

0.88 

0.20 

0.071 

0.018 

0.0079 

90° 

0.9? 

0.21 

0.075 

0.019 

0.0082 

Surface 

Temperature 

u 

V* 

o 

o 

1° 

1.0 

0.21 

0.064 

0.013 

0.0051 

r> 

5: 

1.0 

0.21 

0.067 

0.014 

0.0060 

3.5° 

1.1 

0.23 

0.075 

0.018 

0.0074 

30° 

1.1 

0.25 

0.086 

0.021 

0.0092 

60 

1.2 

0.27 

0.099 

0.024 

0.011 

90° 

1.2 

0.28 

0.10 

0.025 

0.011 

Surface  Temperature 

0 

= -10  c 

1° 

1.2 

0.28 

0.089 

0.018 

0.0071 

5° 

1.2 

0.29 

0.092 

0.020 

0.0081 

15° 

1.2 

0.30 

0.10 

0,023 

0.010 

30° 

1.2 

0.30 

0,11 

0.027 

0,012 

60° 

1.2 

0.30 

0,11 

0.027 

0.012 

90° 

1.2 

0,30 

0.11 

0.027 

0.012 

Range  in  Metere 


Surface 

3,000 

Temperature  - 

6,000 
35°  C 

10,000 

20,000 

30,000 

1° 

0.19 

0.040 

c.013 

0,0027 

0.0012 

f 

0.19 

0.040 

0.013 

0.0029 

0.0013 

if 

0.20 

0.042 

0.014 

0.0032 

0.0014 

30° 

0.21 

0.044 

0.015 

0.0036 

0.0016 

60° 

0„23 

0.090 

0.017 

0.0044 

0.0019 

90° 

0.23 

0.053 

0.018 

0.0045 

0*0020 

Surface  Temperature  * 20°  c. 


1° 

0.27 

C.053 

0.016 

0.0033 

0.0014 

5° 

0.28 

0.053 

0.017 

0.0036 

0.0015 

if 

0.^0 

0.053 

0.018 

0,0042 

o.ooie 

K 

0.31 

0.065 

0.022 

0.0052 

0.0023 

60° 

0.33 

0.07  5 

0.026 

0.0065 

0.0029 

90° 

0.35 

0.030 

0.028 

0.0070 

0.0031 

Surface 

Temperature 

= 5°  C 

lO 

X 

0.37 

0.080 

0.023 

0.0044 

0.0013 

5° 

0.37 

0.080 

0.024 

0.0049 

0.0019 

15° 

0.39 

0.087 

0.028 

0.0065 

0.0027 

30° 

0.41 

0.089 

0.031 

0 .0072 

0.0034 

60° 

0.42 

0.10 

0.035 

0.9083 

0.0039 

90° 

0.42 

0.11 

0.035 

0.0083 

0.0039 

Surface  Temperature 

= -10°  C 

1° 

0.49 

0,10 

0.032 

0.0066 

0.0025 

5° 

0.49 

0.11 

0.032 

0,0071 

0.0030 

15° 

0.49 

0.11 

0.035 

0.0080 

0.0035 

30° 

0.53 

0.12 

0.041 

0.0095 

0.0042 

60° 

0.53 

0.12 

0.044 

0.011 

0.0050 

90° 

0.53 

0.13 

0,044 

0,011 

0.0050 

POLAROID  CORPORATION  - RESEARCH  DEPARTMENT 


Table  311 


Sou  'ue  Temperature : 


600°  K 


E^tr-ctor:  Thermocouple 

Values  of  E'  * 10^  E,  where  E is  in  ergs/(£ec-cm^) 


Range  in  Meters 


3,000 

6,000 

10,000 

20,000 

30,000 

Surface 

Temperature  = 

35°  C 

1° 

0.039 

0.0066 

0.0018 

5° 

0.039 

0.0066 

0.0020 

0.00043 

15° 

0.042 

0,0074 

C.0022 

0,00049 

O.OOC21 

30° 

0.042 

0.0084 

0.0027 

0.00065 

0.00028 

60° 

0.046 

0.011 

C.OC35 

0.00087 

0.00039 

90° 

0.04° 

0.011 

0.0038 

0.00095 

0.00042 

Surface 

Temperature  = 

20°  C 

1° 

0.061 

0.012 

0.0029 

C. 00052 

0.00020 

0.064 

0.012 

0.0031 

0.00060 

0.00024 

15° 

0.067 

0.013 

0.0038 

0.00080 

0.00034 

30° 

0.071 

0.014 

0.0047 

0.0011 

0.00049 

60° 

0.078 

0.017 

0,0057 

0,0014 

0.00063 

on0 

/w 

0.081 

0.019 

0.0063 

0.0015 

0.00067 

Surface 

Tempera ture  = 

5°  C 

1° 

0.10 

0.018 

0 .0047 

0.00087 

0.00031 

5? 

0.10 

0.019 

0.0054 

0.0010 

0.00039 

15* 

0.11 

0.020 

0.0063 

0.0014 

0.00060 

30? 

0.12 

0.024 

0.0076 

0.0018 

0.00077 

6° 

0.13 

0.027 

0.0098 

0.0025 

0.0011 

90° 

0.13 

0.C29 

0.010 

0.0025 

0.0011 

Surface 

Temperature  r; 

-10°  C 

1°Q 

0.14 

0.027 

0.0083 

0.0014 

0.00053 

50 

0.14 

0.029 

0.0089 

0.0017 

0.00067 

15° 

0.14 

0.033 

0.010 

0.0024 

0.00099 

30° 

0.15 

0.035 

0.012 

0.0029 

0.0013 

60° 

0.15 

0.037 

0.013 

C.0032 

0„0014 

90 

0.15 

0.037 

C.013 

0,0033 

0.0015 
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Tefcle  IV 

Source  Temperature  500°  K 
Detector?  Thermocouple 

Values  of  E*  = 10^  E,  where  E is  in  ergs/(eec-cm^) 


3,000 

6,000 

10,000 

20,000 

30,000 

Surface 

Temperature  = 

35°  C 

1° 

0,012 

0,0020 

0.00057 

5° 

0.012 

0.0020 

0.00060 

0.00012 

15° 

0.013 

0.0023 

0.00070 

0.00019 

0.000063 

30° 

0.014 

0.0027 

0 . 00076 

0.00020 

o.oooose 

60° 

0.016 

0.0033 

0 .0011 

0.00026 

0.00012 

90° 

0.017 

0.0035 

0.0012 

0.C0030 

0.00013 

Surface 

Temperature  - 

20°  C 

1° 

0.023 

0.0036 

0 .00092 

0.00016 

0.000060 

5° 

0.024 

0.0036 

0.0010 

0,00016 

C. 0000 71 

15° 

0.025 

0.0039 

0.0012 

0.00025 

0.00011 

30° 

0.028 

0.005? 

0.0016 

0.00038 

0.00017 

60° 

0 033 

0.0067 

0.0022 

0.00056 

0.00025 

90° 

0.035 

0 . 0073 

0.0025 

0.00061 

0.00027 

Surface  Temperature  = 

5°  C 

1° 

0.046 

0.0073 

0.001S 

0.00028 

0.000099 

5° 

0,046 

0.0075 

0.0019 

0.00037 

c.  0001 3 

15° 

0.049 

0.0090 

0.0025 

0.00051 

0.C0022 

30° 

0.053 

0.011 

0.C035 

0.00078 

0.00034 

60° 

0,056 

0.012 

0.0041 

0.0010 

0.00046 

90° 

0,056 

0.013 

0.0045 

0.0011 

0.00049 

Surface  Temperature  » 

0 

0 

0 

r— f 

1 

1° 

0,060 

0,012 

0.0038 

0.00056 

0.00018 

5° 

0.060 

0.013 

0,0038 

0.00070 

0.00025 

15° 

0,064 

0.014 

0.0045 

0.0010 

0o00042 

30° 

0.065 

0.015 

0.0051 

0.0013 

0.00056 

60° 

0.067 

0.016 

0.0057 

0.0014 

0.00063 

90° 

0.067 

0.016 

0.0059 

0.0015 

0.00065 
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Table  V 


Source-  Temperature:  400  !C 


Detector:  Thermocouple 


Values  of  E'  « 

10^  E,  where  E is  in  ergs/( sec-em^) 

Range  in  deters 

3, coo 

6,000 

10,000 

20,000 

30,000 

Surface 

Temperature  * 35° 

C 

1° 

0.0021 

0.00032 

0.000083 

5° 

0.0C21 

0.00032 

0.00C089 

0.000017 

15° 

0.0023 

0.00031 

0.00010 

0.000022 

0.0000095 

30° 

0.0026 

0.00045 

0.00014 

0.000032 

0.000014 

60° 

0.0032 

0.00061 

0.00020 

0.00'  JO  50 

0.000022 

90° 

0.0035 

0.00068 

0.00023 

0.000056 

0.000025 

Surface 

Temperature  = 20° 

C 

1° 

O.OG53 

0.00069 

0.00015 

0.000024 

0.0000088 

5° 

0.0056 

0.00070 

0.00018 

0.000029 

0.000011 

15° 

0.0064 

0.0011 

0.00023 

0.000045 

0.000018 

30° 

0.0074 

0.0012 

0.00035 

0.C0007S 

0.000033 

60° 

0.0094 

0 .0018 

0.00054 

0.00014 

0.000060 

90° 

0.0099 

0.0020 

0.GC066 

0.00016 

0. 00 0070 

Surface 

Temperature  » 5°  1 

C 

1° 

0.012 

0.0020 

0.00038 

0.000048 

0.000016 

5o 

C.013 

0.0020 

0.00045 

0.000066 

0.000023 

15° 

0.014 

0.C025 

0.00066 

0.00012 

0.000049 

30° 

0.015 

0.0031 

0.00095 

0.00022 

0.000095 

60° 

0.016 

0.0036 

0.0013 

0.00031 

0.00014 

90° 

0.016 

0.0038 

0.0014 

0.00033 

0.00015 

Surface 

Temperature  = -10 

0 C 

1° 

0.017 

0.0036 

0.0011 

0.00014 

0.000039 

5° 

0.017 

0.0038 

0,0012 

0.00019 

0.000064 

15o 

0.018 

0.0041 

0.0014 

0.00029 

0.00013 

30° 

0.018 

C.OO42 

C.0015 

0.00037 

0-00016 

60v> 

0.018 

0.0044 

0.0016 

0.00039 

0.00017 

90° 

C.018 

0.0044 

0.0016 

0.00040 

0.00017 
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Table  VI 

Source  Temperature:  350°  K 


Detector:  Thertaocoupl e 


Values  of  E1  « 

10^  E,  where  E is  in  ergs/(sec-cm^) 

Rer 

ige  in  Meters 

3,000 

6,000 

10,000 

20,000 

30,000 

Surface 

Temper- ture  - 35° 

C 

1° 

0.00057 

0.000069 

O.OOCC19 

5° 

0.00057 

0.000069 

0.00002i 

0.0000032 

15° 

0 .00064 

0.000099 

0.0CC022 

0.0000051 

0.0000021 

30° 

0.00074 

0.0003  2 

0.000035 

0.0000080 

0.0000035 

60° 

0.00095 

0.C0C18 

0.000057 

0.000013 

0.0000060 

90° 

0.0010 

0.00019 

0 . 000064 

0.000016 

0.0000071 

Surface 

Temperature  = 20° 

c 

1° 

C.0017 

0.00020 

0.000041 

0.0000055 

0.0000021 

5° 

0.0019 

0.00020 

0.000048 

0.0000070 

0.0000032 

15° 

0.0021 

0.00C27 

0.000067 

0.000012 

0.0000049 

30° 

0.0026 

0.00037 

0.00010 

0.000023 

0,0000099 

60° 

0.0035 

C.COC59 

0. 0003 9 

0.000045 

0.000020 

90° 

0.0039 

0.00070 

0,00071 

0.000055 

0.000025 

Surface  Temperature  = 5° 

C 

-.o 

X 

0.0053 

0.00069 

0.00012 

0.000013 

0.0000033 

P-O 

:> 

0.0053 

0.00073 

0.00014 

0.000019 

0.0000060 

15° 

0.0057 

0.00C99 

0,00023 

0.000048 

0.000016 

30° 

0.C062 

0.0012 

0.0G03S 

C. 0000 87 

0.000035 

60' 

0.0C67 

C .0015 

0.00051 

0.00013 

0.000056 

90° 

0.0067 

0,0016 

0.00054 

0.00013 

0.000060 

Surface 

Temperature  ^ “10 

0 C 

1° 

0.0074 

0 003  5 

0.00044 

0.000045 

0.000012 

5o 

0.0074 

0.0016 

O.CCO48 

0.000067 

0.000021 

15 

0.0074 

0.0017 

0.00054 

0. 0001 2 

0.000049 

30° 

0.0078 

0.0019 

O0OCO64 

0.00015 

0.0000C7 

eo°c 

0.0078 

0.0019 

0.0(067 

0=00017 

0.000074 

90C 

0.0078 

0.0019 

0,00070 

0.00018 

0.000078 

POLAROID  CORPORATION  - RESEARCH 


Table  VI 1 

Source  Temperature:  1000°  K 


Values  of  E» 


Detector:  tbs,  29i.i°  n 

« 10^  E,  where  E is  in  ergs/(eeo*cm^) 


3,000 


Surface 

Temperature 

1° 

0.18 

5° 

0.18 

if 

0.19 

30° 

0.19 

60° 

0.20 

90° 

0.20 

Surface 

Temperature 

1° 

0.22 

5° 

0.23 

15° 

0.23 

30° 

0.24 

60° 

0.26 

90° 

0.26 

Surface 

Temperature 

-.0 

JL 

0.29 

f 

0.29 

15° 

0.31 

30° 

0.32 

60° 

0.34 

90° 

0.34 

Surface 

Temperature 

1° 

0.35 

5° 

0.35 

15° 

0.37 

30° 

0.39 

60° 

0.39 

90° 

0.39 

6,000 

Range  in  Meters 
30,000 

20,000 

30,000 

35°  C 

0.040 

0 ,013 

0,040 

0.013 

0.0028 

0.041 

0.034 

0.0033 

0.0015 

0.043 

0,015 

0.0036 

0.0016 

0.046 

0.016 

0.0040 

0.0018 

0.047 

0.017 

0.0041 

0.0018 

20°  0 

C.047 

0.015 

0.0034 

0.0015 

0.048 

0.016 

0.0036 

0,0015 

0.050 

0.017 

0.0040 

0.0017 

0.053 

0,018 

0.0045 

0.0020 

0.058 

0.020 

0.0050 

0.0022 

0.059 

C.021 

0.0052 

0,0023 

5°  C 

0.059 

0.019 

0.0041 

0.0017 

0.060 

0.019 

0.0043 

0.0018 

0.064 

0.021 

0.0049 

0.0022 

0.070 

0.024 

0.0057 

0.0026 

0.077 

0.027 

0.0067 

0.0029 

0,080 

0.028 

0.0070 

0.0031 

-10°  c 

0.077 

0.025 

0.0051 

0.0020 

0.079 

0.025 

C.0055 

0.0022 

0.CS4 

0.028 

0.0065 

0.0028 

0.089 

0.031 

0.0075 

0.0033 

0.093 

0.033 

0,0083 

0.0037 

0.097 

0.035 

0.0067 

0.0039 

DEPARTMENT 


POLAROID  CORPORATION  - RESEARCH  DEPARTMENT 


Table  VIII 

Source  Temperature:  BOC°  K. 

Detector:  PbS,  290°  K 

Values  of  E'  *»  10^  E,  where  E is  in  ergs/(sec-om^) 


Rrnge  in  Meters 


J> , uUO 

6,000 

10,000 

20,000 

30,000 

Surface 

Temperature  - 35° 

C 

1° 

0.033 

0.0073 

0 .0023 

cO 

0.033 

0.0073 

0.0024 

0.00049 

15° 

0.033 

0.0076 

o.or  25 

0. 00061 

0.00026 

30° 

0.034 

0.00 SO 

0.0023 

0.00068 

0.00030 

60° 

0.035 

0.0084 

0.0030 

0.00075 

0.00033 

90° 

0,035 

0.0085 

0,0030 

0.00076 

0.00034 

Surface 

Temperature  - 20° 

c 

1° 

0.039 

0.0086 

0.0026 

0.00060 

0.00025 

5° 

0.039 

C.0086 

0.0029 

0.00065 

0.00027 

15° 

0,039 

0.0087 

0.0030 

0.00073 

0.0003? 

30° 

0.039 

0.0094 

0.0032 

0.00079 

0,00035 

60° 

0.042 

0.0093 

0.0035 

0.00087 

0.00039 

90° 

0.042 

0.0098 

0.0035 

0.00087 

0,00039 

Surface 

Temperature  - 5° 

C 

-o 

X 

0.046 

0.011 

0.0032 

0.00074 

0.CC031 

5° 

0,049 

0.011 

0.0033 

0 .00078 

0.00033 

15 

0.056 

0.C11 

0.0035 

0,00083 

0.00037 

30° 

0.056 

0.012 

0.0038 

0.00095 

0.00042 

60° 

0.063 

0,014 

0.004b 

0.0012 

0,00053 

90° 

0.063 

0.015 

0.0054 

0.0013 

0.00056 

Surface  Temperature  = -10°  C 


1° 

r\ 

0,070 

0.014 

0.0042 

0,00087 

0.00035 

50 

0.070 

0.015 

0.0044 

0.00095 

0.00039 

15o 

0,074 

0,016 

0.0051 

0.0011 

0.00049 

30o 

0.076 

0.018 

0.0061 

0.0014 

0* 00063 

6° 

0,078 

0,019 

0.0067 

0.0017 

0,00074 

90° 

0,081 

0.019 

0.0067 

0.0017 

0.00074 

POLAROID  CORPORATION  — RESEARCH  DEPARTMENT 


1'  _ 


Jo 


Source  Temper®  tu.t  e 600°  K 
De tec cor:  PbS,  290°  K 

Values  of  E*  » 10^  E,  Inhere  E Is  in  ergs/(sec-cmS 

Range  In  Keters 


3,000 

6,000 

10.000 

70,000 

30,000 

Surface 

Temperature  - 35° 

c 

1° 

0.0024 

0 .00049 

0.00013 

5° 

0.0024 

0 .00049 

0.00015 

0.000025 

15° 

O.OC25 

0 ,00033 

0.00017 

0.000037 

0.000016 

30o 

0.0026 

0. 0-0057 

0.00019 

0,000047 

0.000021 

60 

0.0027 

0.00064 

0.00022 

0,000056 

0.000025 

90° 

0.0026 

C. 0006 5 

0. 00023 

0.000058 

0.000026 

Surfr  ce 

Tempera tort  - 20° 

C 

1° 

0 .0030 

O.OOO65 

0.00020 

rv  r\  non 

0,000015 

5o 

0.0031 

0 ,00066 

0.00021 

0 , 000044 

0.000018 

15° 

0.0032 

0,00070 

0.00023 

0.000054 

0.000023 

30° 

0.0033 

0.00075 

0.00026 

0.  COO 062 

0,000027 

60v' 

0.0035 

0,00061 

0.00029 

0.000071 

0,000032 

50° 

0.00085 

0.00030 

0.000074 

0.000033 

Q 

Surface  Temperature  =•  5 

C 

x: 

0.0040 

0,00084 

Co 000 26 

0.000056 

0-000022 

50 

0 0042 

0.00095 

0.00027 

0.000060 

0,000025 

15 

0 #0046 

0.00069 

O r\c\c ipn 

0.000069 

0,  coco 30 

30° 

0.0049 

0,0011 

0,00035 

0, .000080 

0.000035 

6° 

0.CC53 

0,0012 

0.00041 

0.00010 

0 c 000046 

90 

0.0056 

0.0017 

0.00045 

0.00011 

0.000049 

Surface 

o 

Temperature  - — 10  C 

1° 

0,0060 

0.0017. 

0c 00037 

0.000071 

0.000029 

r\  (>/->£.  o 

0.0012 

0 ,00033 

0.000076 

0,000032 

15° 

U #006^ 

0,0014 

0,00045 

0.000095 

0,000042 

30° 

0.0067 

0,0016 

0,  COO  51 

0 .00012 

0.000053 

60° 

0,0070 

0,0017 

0.00057 

0,00014 

0,00006/ 

90 

0.0070 

0 0017 

0.00060 

0,00015 

O.CC0067 

POLAROID  CORPORATION  - RESEARCH  DEPARTMENT 


"■'able  X 

Source  Temperature  500°  K 


Detector:  FbS . 290°  K 


Values  of  E’  * 10^  E,  where  E is  ia  ergs/(sec-cm^) 

Hang*  In  Meters 

3,000 

6,000 

0,000 

20,000 

30,000 

Surface 

Temperature  = 

35°  C 

1° 

0.00032 

0.000059 

3.000016 

5° 

0,00032 

0.000059 

3.000017 

0 .0000033 

15° 

0,00034 

0.000065 

3.000020 

0.0000044 

0.0000019 

30° 

0,00035 

0.000073 

3.000024 

0.0000057 

0 .0000025 

60° 

0.00035 

0,000087 

J. 0000 30 

0. 0000075 

0,0000033 

90° 

0.00035 

0.000090 

3.000032 

0.0000080 

0.0000035 

Surface 

Temperature  = 

20°  C 

1° 

0.00039 

0.000083 

0.000026 

0,0000051 

0.0000018 

5° 

0,00039 

0,000085 

0,000027 

0.0000057  * 

0.0000023 

15° 

0.00039 

0.000090 

0.000030 

0.0000071 

0.0000031 

30° 

0.00039 

0.000092 

0.000052 

0.0000080 

0.0000035 

60° 

0.00042 

0.000097 

0 ,000035 

0.0000088  * 

0.0000039 

90° 

0,00046 

0.000097 

0.000035 

O.OCOOOSS 

0-0000039 

Surface 

Temperature  = 

5°  C 

1° 

0.00060 

0,000097 

0.000032 

0.0000073 

0.0000031 

5° 

0.00064 

0.00010 

O.OOOC33 

0.0000078 

0.0000033 

15° 

0.00067 

0.00011 

0.000035 

0.0000088 

0.0000038 

30° 

0.00071 

0.00013 

o .000041 

0.0000095 

0,0000042 

60° 

0.00078 

0,00017 

0.000057 

0.000014 

0.0000064 

90° 

0 .00078 

0 .00018 

0.000C60 

0.000015 

0.0000066 

Surface 

Temperature  = 

-10°  c 

1° 

0.00084 

0,00017 

0,000048 

0.0000088 

0.0000035 

5o 

0.00088 

0.00018 

0,000051 

0.0000095 

0.0000039 

15° 

0.00092 

0.00019 

0. 000060 

0,000013 

0.0000053 

30° 

0.00092 

0.00021 

0.000073 

0.000017 

0,0000078 

60° 

0.00095 

0.00023 

0.000083 

0,000021 

0,0000092 

90° 

0,00099 

0.00024 

0.000083 

0.000021 

0 .0000092 

POLAROID  CORPORATION  ■ RESEARCH  DEPARTMENT 


Tsble  X i 


Source  Temperature  400°  K 
Detector:  PbS,  2S'0°  K 

Values  of  E*  *=  10^  E,  where  E is  in  ergc/Csec-cm^) 


Rc*£5e  in  Meters 


3,000  6,000 


Surface  Temperature  » 35°  C 


10,000 


20,000 


30,000 


1° 

0.000015 

0=0000032 

3.3  x 

io  4 

5° 

0.000015 

0.0000032 

9.2  x 

10  6 

1.4  x 10”7 

* 

— 

... 

15° 

0.000015 

0,0000034 

1.1  X 

xoi 

2.4  x IO”7 

9.9 

X 

io": 

3CP 

0.000016 

0.0000036 

1.3  x 

ici 

3.0  x 10“7 

1.3 

X 

10” 

60° 

0.000016 

0.0000038 

1 .4  x 

ioi 

3.4  x 10”7 

1.5 

X 

10*, 

90° 

0.000016 

0.0000038 

1.4  x 

IO-6 

3.4  x IO”7 

1.5 

X 

10" 

Surface  Temperature  = 20°  C 


1° 

0.000017 

0.0000040 

1.3  x 10"f 

2.5  x IO”7 

e„e  x 10 

5° 

0.0C0017 

0.0000040 

1.3  x 10*7 

2.9  x 10”7 

1.1  X 10 

ISO 

0.000018 

0.0000040 

1.4  x 30"° 

3.3  x 10”7 

1,5  x 10 

30o 

0=000018 

0.0000042 

1.4  x IO7 

3u6  x 10~7 

1.6  x 10 

60° 

0.000019 

0.0000044 

1.6  x 10*° 

3.9  x IO”7 

1.7  x 10 

90° 

0.000019 

0.0000046 

1.6  x 10'* 

4.0  x 10"' 

1.8  x 10 

Surface  Temperature  = 5°  0 


1° 

0 =000029 

0.0000046 

1 .5  x 

10~6 

3,4 

X 

10-? 

1.4 

X 

10' 

5° 

0.000029 

0.0000046 

1 .5  x 

10*7 

3.6 

X 

10  7 

1.5 

X 

10' 

15° 

0.000033 

0.0000050 

1.6  x 

10"® 

3,8 

X 

1C"7 

1.7 

X 

10' 

30° 

0.000037 

0.0000064 

1.9  x 

10"? 

10"* 

10"6 

4.5 

X 

10  ’1 

2,0 

X 

10' 

60° 

0.000049 

0.0000089 

2.9  x 

7.2 

X 

10*7 

3.2 

X 

10' 

90° 

0.000051 

0.0000098 

3.2  X 

8.0 

X 

10"7 

3.5 

X 

10 

Surface  Temperature  = -10°  C 


1° 

0,000055 

O.OOOOC89 

2.2  x 10*£ 

3.9  x 10' 

5° 

0.000055 

0.0000 098 

2.4  x 10"* 

4.3  x 10* 

15° 

0.00005S 

0.000012 

3.3  x 10"? 

6.4  x 10 

30° 

0.000060 

0.000013 

4.4  x 10*7 

1 .1  x 10' 

60° 

O.OOCO63 

0.000015 

5.2  x 10"* 

1.3  x 10' 

90°  v 

0.000065 

0.000015 

5.4  x 10'“* 

1 .4  x 10 

1.6  x 10  l 

1.7  x lo*; 
2.6  x io"; 
4.9  X 10"; 

5.8  x io"; 
6.0  x 1C* 


/ 


do  c-  r~  r- 


POLAROID  CORPORATION  - RESEARCH  DEPARTMENT 


Table  XII 

Source  Temperature  350°  X 
Detector:  FbS,  290°  K 

Values  of  E*  e 10^  E,  where  E Is  in  ergs/(aec*-cm^') 

Range  in  Meters 


3,000  6,000  10,000  20,000  30,000 

Surface  Temperature  - 35°  C 


1° 

1.6  x 10*6 

3.1 

A 

10~7 

8.6 

X 

10"8 

mmt  ^ 

5° 

1.6  x 10"° 

3.1 

X 

10“ 

9.7 

X 

lot 

3.2 

X 

10"? 

m . 

15° 

1 .6  x 10“^ 

3.3 

X 

10"7 

1.0 

X 

10"7 

2.2 

X 

10"? 

9.2 

X 

10"q 

30° 

1 .6  x 10"6 

3.7 

3: 

10"' 

1.2 

X 

10"! 

3.0 

X 

10"? 

1.3 

X 

10"8 

60° 

1.7  x 10"6 

4.1 

X 

10’' 

1.5 

X 

10 -Z 

3.6 

X 

i°i 

1.6 

X 

10"c 

90° 

1.7  x 10"6 

X 

10"' 

1.5 

X 

10“7 

3 = 7 

X 

10"8 

3.6 

X 

30“fc 

Surface 

Temperature  = 20°  C 

1° 

1.7  x 10"? 

4.2 

X 

10"7 

1=3 

X 

10-Z 

2.4 

X 

io'8 

8 = 1 

X 

io~l 

5° 

1.7  x 10"° 

4.2 

X 

10“7 

1=4 

X 

10"' 

2.9 

X 

10"8 

1=1 

X 

10“8 

15° 

1.8  x 10"? 

4.3 

X 

10“ 1 

1.5 

X 

10"7 

3.5 

X 

10'? 

1.5 

X 

10“8 

30° 

1.6  x 10"? 

4.3 

X 

10“7 

1 = 5 

X 

10“7 

3.7 

X 

10"? 

1.7 

X 

10"? 

60° 

1.8  x 10"° 

4.4 

X 

10‘7 

1.6 

X 

10-' 

4=0 

X 

10"? 

1.8 

X 

10“8 

o 

o 

cr- 

1.3  x 10"6 

X 

10  "7 

1.6 

X 

10"7 

4.0 

X 

30'8 

1.8 

X 

1C“8 

Surface 

Temperature  s 5° 

C 

1° 

3.1  x 10"? 

4.3 

X 

io"7 

1 = 5 

X 

10-7 

3.6 

X 

10"? 

1=4 

X 

10t 

5° 

3.2  x 10"? 

4.4 

X 

10“7 

1.5 

X 

!0"Z 

3.7 

X 

1=6 

X 

10"? 

15° 

3.5  x 10"? 

4.7 

X 

10- 

1=6 

X 

i°"Z 

3.9 

X 

10"? 

1=7 

X 

10"? 

30° 

3.7  x 10"° 

6.3 

X 

10-Z 

1 = 7 

*>» 
a . 

i°"; 

4.1 

X 

10-® 

1.8 

X 

10"? 

60° 

4.9  x 10"? 

9.7 

X 

10- 

3.1 

X 

i°"Z 

7,6 

X 

10"? 

3.5 

X 

i°i 

90° 

5.1  x 10"fc 

1.1 

X 

10"b 

3.9 

X 

10"7 

8.8 

X 

10’8 

3.9 

X 

10-8 

Surface  Temperature  - -1C 

)°  C 

1° 

6.0  x 10"? 

9.0 

X 

10"7 

2.2 

X 

io"Z 

4.0 

X 

IO-8 

1.7 

X 

10'8 

5° 

6.3  x 10-| 

1.1 

X 

10"? 

2.5 

X 

10  "7 

4.0 

X 

l°t 

1 = 7 

X 

IO’8 

<y 

15° 

6.7  x 10"? 

1.3 

X 

10"? 

3 = 8 

X 

l°t 

6=9 

X 

10"? 

2.8 

X 

10“8 

30° 

7.2  x 10"? 

1,5 

X 

10~? 

2#  4 

X 

l°t 

1.1 

X 

10-7 

5.1 

X 

10-8 

60° 

7=8  x 10"? 

1.6 

X 

10"? 

6 = 8 

X 

!0"7 

1.5 

X 

10t 

6.7 

X 

j r)-t 

o 

o 

o 

8.1  x 10"6 

1.9 

X 

10‘6 

7.1 

X 

10"7 

1.6 

X 

10"7 

7.1 

X 

10“8 

t 

,7.  U 

'h 


POLAROID  CORPORATION  — RE9EARCH  DEPARTMENT 


Table  XIII 


Source  Temperature:  1000°  K 
Detector:  FoS,  195°  K 

Values  of  E*  e 10^  E,  where  E is  In  ergs/(6ec-cni^) 

Range  in  Meters 


3,000  6,000 

Surface  Temperature  = 35°  C 


1° 

0.23 

0.049 

5° 

0.23 

0.049 

15° 

0.23 

0.051 

30° 

0.23 

0.055 

60° 

0.24 

0.057 

90° 

0.24 

0.058 

Surface 

Temperature  = 

0 

0 

8 

1° 

0.25 

0.059 

5° 

0.25 

0.059 

15° 

0.25 

0.060 

30° 

0.26 

0.062 

60° 

0.28 

0.065 

90° 

0.29 

0.067 

Surface 

Temperature  = 

LTI 

O 

O 

1° 

0.37 

0.067 

5° 

0.37 

0.067 

15° 

0.39 

0.073 

.30° 

0.42 

0.085 

60° 

0.46 

0.10 

90° 

0.48 

0.11 

Surface  Temperature  - -10°  C 


1° 

0.51 

oao 

5° 

0.51 

0.11 

15° 

0.53 

0.12 

30° 

0.55 

0,13 

6C° 

0.56 

0,13 

90° 

0.56 

0.14 

10,000  P0,000  30,000 


0.014 

0.015 

0.0028 

0.017 

0.0037 

0.0016 

0.019 

0.0045 

0.0020 

0.020 

0.0051 

0.0023 

0.021 

0 .0052 

0.C023 

0.019 

0.0039 

0.0014 

0.020 

0.0044 

0.0018 

0.021 

0.0048 

0.0021 

0.022 

0.0054 

0.0024 

0.023 

0.0057 

0.0025 

0.024 

0.0059 

0.G026 

0.022 

0.0051 

0.0021 

0.022 

0.0053 

0.0023 

0.024 

0.0056 

0.0025 

0.027 

0.0064 

0.0029 

0.035 

0.00S7 

0.0039 

0.038 

0.0095 

0.0042 

0.029 

0.0057 

0 .0025 

0 .032 

0.0062 

0.0025 

0.038 

0.0080 

0,0035 

0,040 

0.010 

0.0046 

0 0O48 

0.012 

0.0053 

0,049 

0.012 

0.0055 

POLAROID  CORPORATION  — RESEARCH  DEPARTMKN- 


Table  XIV 

Source  Temperature:  800°  K 


Detector:  PbS,  195°  K 


Values  of  E'  > 

104  E, 

where  E is  in  ergs/(aeo-cin4) 

R'Tige  in  Meters 

3, coo 

6,000 

10,000 

20,000 

30,000 

Surface 

Temperature  =.•  35° 

C 

1° 

0oC46 

0.009? 

0.0027 

— 

5° 

C.O46 

0,0098 

0.  eye  29 

0.00057 

15° 

0.046 

0.010 

0,0032 

0.00073 

0.00032 

30° 

0.048 

0.011 

0,0037 

0,00088 

0,00039 

60° 

0.049 

0.012 

0,0041 

0.0010 

0 ,00046 

90° 

0.049 

0.03  2 

O.OO4I 

0,0010 

0,00046 

Surface 

Temperature  * 20° 

C 

1° 

-0 

0.053 

0.012 

0.0038 

0,00076 

0.00029 

5 

0.053 

0.012 

0,0040 

0.00088 

0.00035 

15° 

0.053 

0.012 

0,0041 

0,0010 

0 ,00042 

30 

' 0.055 

0.013 

0.0044 

0.0011 

0.00049 

‘■0U 

0.056 

0.013 

0,0048 

0.0012 

0,00053 

90 

0.058 

0.014 

0.0048 

0.0012 

0.00053 

Surface 

Temperature  3 5°  < 

1° 

0.072 

0.012 

0.0046 

0,0010 

0,0004? 

5° 

0.074 

0,014 

0.0048 

0 ,0011 

0.00046 

15 

0.085 

0.015 

0.0049 

0,0012 

0.00053 

30° 

0.092 

0.018 

0,0056 

0.0013 

0.00058 

60° 

0.10 

0.022 

0.0075 

0.0018 

0.00081 

90° 

0.11 

0.024 

0.0083 

0.0021 

0.00092 

Surface 

Temperature  = -101 

0 C 

1° 

0.12 

0.022 

0,0060 

0.0012 

0.00051 

5° 

0.12 

0.024 

0.0067 

0.0013 

0.00053 

3-5° 

0.12 

0.026 

0.0083 

0,0017 

0.00072 

30° 

0,13 

0.029 

0.0099 

0.0024 

OoOOll 

60° 

C.13 

0.031 

0.013 

0,0028 

0.0C12 

90° 

0.13 

0.032 

0.013 

0,0029 

0.0013 

POLAROID  CORPORATION  — RESEARCH  DEPARTMENT 


Table  XV 


Source  Temperature:  600°  K 


Detector:  PbS,  195°  K 


Values  of  E*  e 10^  E#  where  E 1b  in  erga/(seo«cm^') 

Rsnaa  in  Meters 


3,000  6,000 


Surfece  Temperature  = 33°  C 


1° 

0,0 CPS 

0*00053 

f 

0 ,0028 

0,00053 

if 

0,0028 

0.00058 

30° 

0.0030 

0,00065 

60° 

0,0031 

0oC0073 

90° 

0.0031 

0.00075 

Surface 

Temperature  - 

20°  C 

10,000  20,000  30,000 


Co 00014 

0.00015 

0.000028 

0 .00018 

0.000039 

0,000017 

0,00021 

0.C00051 

0.000023 

0,00025 

0 .000064 

0 ,000028 

0.0^026 

0.0C0066 

0.000029 

1° 

0.0033 

0.00074 

5° 

0.0033 

0.00074 

15° 

0*00.33 

C .00077 

30° 

0.0034 

C.0C080 

60° 

0,0035 

0.0C084 

90° 

0,0035 

0.00083 

Surface 

Temperature  = 

5°  C 

1° 

0.0060 

0,00087 

5° 

0.0060 

0 ,000S7 

15o 

0.0063 

0,00094 

30° 

0,0071 

0,0012 

60 

0.0081 

0.0017 

90 

0.0083 

0.0018 

Surface 

Temperature  * 

i 

M 

O 

O 

O 

0,0095 

0.0017 

5o 

0,0095 

0.0018 

15o 

0.010 

0,0021 

30o 

0.011 

0,0023 

60° 

0.011 

0,0026 

90 

0.011 

0.0027 

0.00022 

0.000041 

0.000015 

0 .00024 

0.00004? 

0.000019 

0 ,00026 

0.000060 

0.000026 

0 .00028 

0,000070 

0.000031 

0.00030 

0.000074 

0.00C033 

0.00031 

0.000077 

0.000034 

0.00029 

0,000063 

0 .000024 

0.00029 

0 .000068 

0,000029 

0.00031 

0.000073 

0.000032 

0.00035 

0.000080 

0.000035 

0.00057 

0 .00014 

C,  000060 

0.00060 

0.00015 

0 .000064 

0.00041 

0.000074 

0.000031 

0,00048 

0.000078 

0,000032 

0,00063 

0.00012 

0.000050 

0.00078 

0,00018 

0.000063 

0.00090 

0.00021 

0.000099 

0.00092 

0,00023 

0.00010 

POLAROID  CORPORATION  — RESEARCH  DEPARTMENT 


Table  XVI 


Source  Temperature:  500°  K 
Detector;  PbS,  195°  K 

Values  of  E1  * 10^  E:f  where  E is  Id  erg8/(sec -ew^) 


Renge  in  Meters 


Surface 

1° 

1 Cf\C\ 

y f ^ 

Temperature  * 
0.00035 

'icO 

-O 

/,  nA'i 

VJ  * uvu 

c 

0 .000066 

10,000 

0.000019 

20,000 

30,000 

5° 

0,00035 

0.000066 

0.000020 

c. 0000037 

15° 

0.00035 

0 .000072 

0.000022 

0.0000050 

0.0000022 

30° 

C .00037 

0.000080 

0 .000027 

0.0000064 

0.0000028 

60° 

0.-00039 

0.000089 

0.000032 

0.0000C79 

0.0000035 

90° 

0.00041 

0.000093 

0.000033 

0.0000080 

0.0000035 

Surface 

1° 

> 

Temperature  = 
0.00046 

20° 

C 

c .000097 

0.000031 

0.0000052 

0 .0000020 

0.00046 

0.000097 

0.000030 

0.0000060 

0.0000024 

15° 

0.00046 

0 .00010  * 

0 .000033 

0.0000075  ^ 

0.000C033 

30° 

/Ao 

0 .00048 

0.00011 

0.000036 

0.0000068 

0.0000039 

60 

0.00049 

0.00011 

0,000041 

0.000010 

0.0000046 

90 

0.00049 

0.00012 

0.000041 

0.000010 

0 .0000046 

Surface 

1° 

Temperature  = 
0.00071 

5°  < 

J 

0.00011 

0.000038 

0.0000079 

0.0000030 

s 

0.00074 

0.0001? 

0.000039 

0.0000088 

0,0000035 

15° 

0.00092 

0.00013 

0.000041 

0„ 000010 

0,0000042 

. . r\ 

30“ 

0.0011 

0.00016 

0.000048 

0.000011 

0,0000049 

60° 

0.0013 

0.00025 

0.000060 

0.000019 

0.0000085 

90° 

0.0014 

0.00030 

0.000089 

0.000021 

0.0000095 

Surface 

1° 

Temperature  = 
0.0017 

-10°  C 

0.00026 

0.000054 

O.OOOCIO 

0,0000042 

5° 

0.0017 

0 .00030 

0.000060 

0.000011 

0 ,0000046 

15° 

0.0018 

0.00036 

0.000099 

Oo 00001 7 

0.0000064 

30° 

0.0019 

0.00041 

c. 00014 

0.000032 

0 .000014 

60° 

0.0020 

0.00046 

0.00016 

0.000040 

0.000018 

90° 

0.0020 

0.00048 

0.00017 

0.000042 

0 .000019 

POLAROID  CORPORATION  - RESEARCH  DEPARTMENT 


Table  XVII 


Source  Temperature;  400°  K 

Detector:  PbS,  195°  K 

4 , 4 

Values  of  E1  =10  E,  where  E is  in  erg8/(aec-cm  ) 


3,000  6,000 
-urfsco  Temperature  - 35°  C 
1°  0 .000019  0.000C 


Range  in  Meters 

10.000 


20,000 


0 .000019 
0.000019 
0,000019 
0 ,000020 
0.000020 
0 , 000021 


0.0000035 
0.0000035 
0.0000040 
0.0000042 
0.0000043 
0 .00000^0 


9.9  x 10"? 
LI  x 10"b 
1.2  x 1C  7 
1.4  x 10  7 
1.7  x 10*7 
1 .7  -<  10"b 


2,0  x 10"7 
2.7  x 10"7 
3,4  x 10"? 

4.2  x 1C"7 

4.3  x 10"7 


Surface  Temperature  1=  20°  C 


Surface  Temperature  = 5C  0 


30,000 


1 ,2  x 10~7 
1.5  x 10'/ 
1 ,9  x I07 
1,9  x 10~7 


1° 

0 » 000023 

0.0000045 

1.5 

X 

10"£ 

2.9 

X 

10-; 

1.1 

-j.  io”i 

5° 

0 ,000024 

0 . OCOOO46 

1.6 

X 

10-J 

3.3 

X 

1°’? 

1.3 

x 10-7 

15° 

0.000025 

0.0000053 

1.7 

X 

10  "f 

4.0 

X 

1C“7 

1.7 

X 10 

30° 

0,000026 

0,0000058 

1,9 

V 

10*7 

4.7 

X 

10  ml 

2.0 

X 10-7 

60° 

0.000028 

0.0000063 

2.7 

X 

10*® 

5.6 

X 

10*' 

2,5 

x 10"7 

90° 

0,000030 

0.0000067 

2.3 

X 

10"6 

5.7 

X 

10  **7 

2.6 

x IQ'7 

1° 

0,000056 

0.0000069 

7.0 

X 

10-6 

4.1 

X 

*>:? 

1°.7 

10*4 

1,6 

y. 

5° 

0.000062 

D.0000069 

2.1 

v 

WL 

10”b 

4.6 

X 

1.9 

X 

15° 

0.000078 

0. 00000 ?s 

2.3 

X 

TO"1? 

5.2 

X 

2,3 

X 

30° 

0.000095 

0 . 000012 

3.2 

X 

10  "a 

6.7 

X 

i0-6 

2,9 

X 

60° 

0.00012 

0 . 000022 

7,3 

X 

i0-° 

1,7 

X 

10-6 

10 

7,4 

X 

90° 

0.00013 

0 ,000026 

7.6 

X 

10"6 

2.1 

X 

9.2 

X 

Surface  Temperature  - -1 0°  G 


0.00015 

0.000022 

4-5 

X 

10”6 

5.6  X 

10  n 

2,2 

x 10 

0.00016 

0 ,000027 

5.1 

X 

10"? 

6,2  x 

i°’; 

2.5 

x 10 

0.00017 

0,000032 

3.7 

X 

10"? 

loi  X 

1C"£ 

4.9 

x 10 

0..  0001 7 

0 .000037 

1.2 

X 

ioi 

7.9  x 

10"? 

1.3 

x 1C 

0.0C018 

0.000042 

1-5 

X 

10 1 

3,7  x 

10*1 

1.6 

x 10 

0.00018 

0 .000043 

1.5 

X 

10"-> 

3.7  X 

10  6 

1.7 

x 10 

POLAROID  CORPORATION  - RESEARCH  DEPARTMENT 


Table  XVIII 


Source  Temperature:  350°  K 
Detector:  PbS,  195°  K 

Values  of  E1  » 10^  E,  where  E is  in  erge/(sec-cm^) 


3,000  6,000 

Surface  Temperature  « 35°  C 


Hange  in  Meters 

10,000 


20,000 


Surface  Temperature  = 5°  C 


0.000010 
0 o 000011 

0.000014 

0.000017 

0.000020 

0.000020 


1.0  x 10"^  2.9  x 10’Z 


1.0  x 10*° 

1.2  x 10"° 

2.1  x 10"° 

3.6  x 10"° 

4.3  x 10"ft 


3.1  x 10"' 

3.5  x 10-7 

4.8  x 10“^ 

1.2  x 10~- 

1.5  x 10"° 


5.9  x 10"" 

6.5  x 10"° 

8.0  x 10“° 

1.0  x 10"7 

2.9  x IO"7 

3.6  x 10"7 


Surface  Temperature  a -10°  C 


30,000 


1° 

0.0000026 

4.9 

X 

10~7 

1.2  x 

10"7 

...... 

5o 

0.00C0026 

4.9 

X 

10  "7 

1.3  x 

10“7 

2.0 

X 

ioi 

15° 

O.OOCC027 

5.4 

X 

10;’ 

1.6  x 

10~7 

3.3 

X 

10-8 

1.4  x 10“8 

30° 

0.0000029 

6.0 

X 

10  7 

2.0  x 

10~7 

4.7 

X 

10-8 

2.1  x lO"8 

60° 

0.0000030 

6.S 

X 

10“7 

2.4  x 

10"7 

5.9 

X 

10-8 

2.6  x 10"? 

90° 

O.00CC030 

7.1 

X 

IO-7 

2.5  x 

10"7 

6,2 

A 

IO"8 

2.7  x 10~8 

Surface  Temperature  a 

20°  C 

1° 

0.0000035 

7.1 

X 

lcr7 

2.1  x 

10"7 

3.6 

X 

1C"8 

1.2  x 10"8 

5° 

0.C000035 

7.1 

X 

10‘7 

2.2  x 

10‘7 

4.4 

X 

10-8 

1.7  x 10"8 

15° 

0.0000037 

7.6 

X 

10  "7 

2.5  x 

10-7 

5.8 

X 

IO"8 

2„4  x IO"8 

30° 

0,0000037 

8.2 

X 

10~l 

2.9  x 

10-7 

6.S 

X 

ioi 

3.0  x lO’8 

£0° 

C.0CC0044 

9.3 

X 

1 °"J 

3.3  x 

10-7 

8,0 

X 

l0-8 

3.5  x IO"8 

90° 

0.0000046 

1.0 

X 

10"6 

3.5  x 

IO-7 

8.8 

X 

10~8 

3.9  x 10~° 

2.3  x 10  ° 

2.7  x 10  jj 

3.3  x HQ 

4.6  x 10_7 

1.3  x 10_4 

1.6  x 10  ' 


1° 

0. oc 0023 

3.9 

x 10-6 

7.0  x 

10“7 

8.4  x IO"8 

3.2  X 

5° 

0o000023 

4.3 

x lO"® 

8.9  x 

10  "7 

9.5  x 10“° 

5.>  x 

1 Cp 

0.000025 

5.0 

x 10*6 

1.4  x 

10"° 

2.5  x 10"7 

9.2  x 

30° 

0.000026 

5.7 

x lO"® 

1.9  x 

10"° 

4.5  x IO*7 

2.0  x 

60° 

0.000026 

6,2 

x lO’® 

2.2  x 

10*6 

5.5  x 10“7 

2.4  x 

90° 

0.000027 

6.4 

x 10"° 

2.3  x 

IO”6 

5.6  x 10'7 

2,5  X 

POLAROID  CORPORATION  - RESEARCH  DEPARTMENT 


Table  /IX 

Source  Temperature:  1000°  K 
Detector:  DbS,  90°  Y, 


Values  of  E'  a 104  E,  where  E is  in  ergs/(seo-cm4) 


Surface 

3,000 

Temperature  = 3f 

6,000 

C 

Range  in  Meters 
10,000 

20,000 

30,000 

1° 

0,35 

0,075 

0.023 

f 

0,35 

0.075 

0.024 

0,0049 

if 

0,35 

0,080 

0.026 

0,0060 

0.0026 

¥? 

0,36 

0,085 

0.029 

0.0072 

0,0032 

6cP 

0.36 

0.089 

0,031 

0.0079 

0.0035 

9Cf  0.36 

Surface  Temperature  = 20° 

0.089 

C 

0.032 

0.0080 

0,0035 

1° 

0,39 

0.0S9 

0,030 

0,0062 

0.0025 

£ 

0,39 

0,089 

0.031 

0.0068 

0.0028 

i£ 

0.41 

0.090 

0.032 

0.0077 

0.0034 

30° 

0.42 

0.097 

0.033 

0.0082 

0,0037 

60 

0.44 

0.1G 

0,036 

0.0090 

0.0040 

90 

Surface 

0.46 

Temperature  = 5° 

0.11 

C 

0,038 

0.0094 

0,0041 

1° 

0,53 

0.11 

0.033 

0,0078 

0.0032 

5° 

0.57 

o.n 

0,035 

0.0080 

0,0035 

15° 

0.60 

0.12 

0,038 

0.0C88 

0.0039 

30° 

0.64 

0.13 

0.043 

0,010 

0,0046 

(G° 

0.67 

0.15 

0,053 

0,013 

0.0056 

90° 

Surface 

0,69 

Temperature  = -1C 

0.16 
)°  c 

0.056 

0.014 

0.0062 

1° 

0.74 

0.15 

0.046 

0.0091 

0.0037 

5o 

0.74 

0,16 

0,048 

0.0095 

0.0041 

tn° 

0.76 

0,17 

0.056 

0.012 

0.0053 

30 

0.7S 

0,18 

0.064 

0.016 

0.C067 

to 

0.S1 

0.19 

0.070 

0.017 

0,0078 

90 

0.81 

020 

0.070 

0.017 

0.0078 

POLAROID  CORPORATION  — RESEARCH  DEPARTMENT 


Table  TA 

Source  Temperature:  600°  K 
Detector:  PbS,  90°  K 


Values  of  E*  **  10^  E,  where  E is  in  erga/Csac-or/') 


Surface 

1° 

3,000 

Temperature  = 
0.090 

6,000 
35°  C 
0.021 

Ranpe  in  Meters 
10,000 

0.0067 

20,000 

30,000 

rP 

0.092 

0.021 

0,0068 

0.0014 

15° 

0.092 

0.022 

0.0073 

0.0017 

0 ,00076 

30° 

0.092 

0.022 

0.0080 

0.0019 

0,00085 

60° 

0.095 

0.023 

0.0083 

0.0021 

0,00092 

90° 

0.098 

0.023 

0.0083 

0.0021 

0.00092 

Surface 

1° 

Temperature  = 
0.11 

20°  0 

0.023 

0.0073 

0.0017 

0.00072 

5° 

0.11 

0.023 

0.0081 

0.0019 

0,00081 

15° 

0.11 

0.024 

0.0083 

0.0020 

0.00088 

30° 

0.11 

0.026 

0.008? 

0.0022 

0.00097 

60° 

0.12 

0.027 

0.0097 

0.0024 

0.0011 

90° 

0.12 

0.028 

0.010 

0.0025 

0.0011 

Surface 

1° 

Temperature  = 
0.14 

5°  0 

0.028 

0.0091 

0,0021 

0.00088 

5° 

0.15 

0.029 

0.0092 

0.0021 

0.00092 

15° 

0,16 

0.030 

0.010 

0.0024 

0.0010 

30° 

n t n 

0.035 

0.011 

0.0029 

0.0013 

60° 

0.18 

0.040 

0.014 

0,0035 

0.0015 

90° 

0.18 

0.043 

0.015 

0,0037 

0.0016 

Surface 

1° 

Temperature  3 
0.20 

-10°  c 
0,041 

0.012 

0.0024 

0,00097 

50 

0.20 

0.043 

0.013 

0,0026 

0.0011 

15o 

30° 

60° 

0.20 

0.046 

0.015 

0.0033 

0 ,0014 

0.21 

0.049 

0.C17 

0.0041 

0.0018 

0.21 

0.052 

0.018 

0.0046 

0.0020 

90° 

0.22 

0.053 

0.019 

0.0C47 

0.0021 

POLAROID  CORPORATION  - RESEARCH  DEPARTMENT 


Table  XXI 


Source  Temperature:  600°  K 
Detector:  Pb£,  90°  K 

Values  of  E*  * 10^  E,  where  E is  in  ergs/(sec-cn^) 


itenge  :lr>  Meters 


3,000 

6,000 

10,000 

20,000 

30,000 

Surface 

Temperature 

« if  c 

1° 

0,0065 

0,00.15 

0,00043 

f 

0,0067 

0.0015 

0,00048 

0 000088 

if 

0 „00o7 

0,0015 

0,00051 

0.00012 

0.000051 

30° 

0,0069 

0,0016 

0,00056 

0.00013 

0,000060 

60° 

0,0072 

0.0017 

0.00060 

0.00015 

0,000067 

90° 

0,0074 

0.0017 

0,00060 

0.0-3015 

0.000067 

Surface 

Temperature 

= 20°  C 

1° 

0,0085 

0 , 0018 

0,00057 

0.00012 

0.000049 

f 

0,0068 

0,0018 

0.00059 

0c 00013 

0.000055 

15° 

0.0092 

0,0019 

0 00060 

0,00015 

0.000064 

50 

0.0095 

0,0020 

0.00070 

0,00017 

0,000074 

60° 

0.011 

0,0024 

0,00033 

0.00021 

0,000092 

90° 

0,011 

0.0025 

0,00086 

0.00022 

0,000095 

Surface 

Temperature  = 

5°  C. 

1° 

0,014 

0,0025 

0.00072 

0.00015 

0,000064 

5° 

0.014 

0.0025 

0.00075 

0.00016 

0.000067 

15° 

0,016 

0,0028 

0.00086 

C. 00019 

0,000083 

30° 

0.017 

0.0034 

0,0010 

0.00025 

0,00011 

60° 

0.019 

0.0041 

C.0014. 

0.00034 

0.00015 

A>~ 

0,019 

0.0043 

0.0015 

0,00037 

0,00017 

Surfece 

Temperature  = 

0 

0 

0 

r-i 

1 

1° 

0.021 

0,0041 

0,0011 

0.00020 

0.000078 

5° 

0,021 

0,0042 

0.0013 

0.00023 

0.000092 

15° 

0.022 

0.0048 

0.0015 

0.00033 

0.00014 

.30° 

0,023 

0.0051 

0.0C1S 

0,00042 

0.00019 

60° 

0.023 

0.0055 

0.0020 

0.00048 

0.00021 

90° 

0,023 

0.0057 

0,0020 

0.00049 

0.00022 

) 


POLAROID  CORPORATION  - RESEARCH  DEPARTMENT 


Table  XXII 


Source  Temperature:  500°  K 
Detector:  PbS,  90°  K 

Values  of  E1  « 10^  E,  where  E is  in  ergc/Ceec-cm^) 

nrnge  in  Meters 


3,000 

6,000 

10,000 

20,000 

Surface 

Tempers ture  ~ 

35°  C 

1° 

0.0017 

0.00034 

0. 000092 

5° 

0.0017 

0,00034 

0.00C10 

0.000019 

15° 

0.0017 

0.00037 

Or 00012 

0.000025 

30 0 

0.0C1E 

0.00040 

0.00014 

0 .000033 

60° 

0.0019 

0.00044 

0.00015 

0 .000039 

90° 

0.0019 

0.00046 

0.00016 

0.C00041 

Surface 

Temperature  = 

20°  C 

1° 

0.0021 

0.00046 

0.00014 

0 .000027 

5° 

0.0021 

0.00046 

0.C0C15 

0.000031 

15° 

0.0022 

0.00049 

0.00016 

0.000037 

30° 

0.0023 

0.00050 

0.00017 

0.000043 

60° 

0.0025 

0.00056 

0.C0019 

0.000049 

90° 

0.0025 

0.00057 

0.00020 

c.  0000 51 

Surface  Temperature  = 5°  C 


1° 

0.0034 

0.00058 

0.00018 

0.000038 

5° 

0.0035 

0.00058 

0.00018 

0.000042 

-« 

0.0037 

0.00065 

0.00020 

o.  000047 

30° 

0.0039 

0.00080 

0.00025 

C. 0000 57 

60° 

0.0042 

0.00098 

0.00033 

0.000080 

90° 

Go 0042 

0.0010 

0.00035 

0.0CC088 

Surface 

Temperature  » 

-10°  c 

1° 

0,0046 

Oo  00098 

0,00028 

0.000049 

5° 

0.0046 

0.0010 

0,00030 

0.000053 

15° 

0.0046 

0.0011 

0.00035 

0.000077 

30 

0.0047 

o.ooll 

0.00037 

0.000088 

60° 

0.0048 

0.0012 

0,00038 

0.000095 

90° 

0.0048 

0 .0012 

0, 00042 

0.00010 

30,000 


0.000011 

0.000014 

0.000017 

0.000018 


0-000010 
0.000012 
0.000017 
0.000019 
0o 000022 
0.000023 


0.000015 

0.000017 

Co 000020 
0.000026 
0.000035 
0.000039 


0.000019 

0.000022 

0.000033 

0.000039 

0.000042 

0.000047 


POLAROID  CORPORATION  — RESEARCH  DEPARTMENT 


Table  XX 111 

Source  Terrperature:  400°  K 
Detector:  PbS,  90°  K 

Values  of  E*  10 ^ E,  Trtiers  E is  in  ergs/Cseo-cnA) 


Range  in  Meters 

3,  C00 

6*000 

10,000 

20,000 

30,000 

Surface  Temperature 

35°  C 

1° 

0 .00021 

0.000045 

0.000013 

f 

0.00021 

0.000045 

0.000014 

0 .0000031 

15! 

0.00021 

0.000049 

0.000016 

0 .0000040 

0.0000016 

30° 

0.00022 

0 .woo  51 

0.000017 

0.0000048 

0.0000019 

60° 

0.00023 

0 .000054 

0.OOCO19 

0.0000054 

0.0000021 

90° 

0.00023 

0. COCO 5 5 

0.000020 

0.0000055 

0.0000022 

Surface  Temperature  = 

20°  C 

1° 

0.00025 

0.000056 

0.000018 

0.0000030 

0.0000010 

5° 

0.00026 

0., 00 00  56 

0.000019 

0 .0000046 

0.0000017 

15° 

0.00027 

0.0G0058 

0.000020 

0.0000053 

0.0000020 

30° 

0.00026 

0.000062 

0 .000021 

0.0000058 

0.0000023 

60° 

0 .00030 

0.000069 

0.000024 

0.0000069 

0 .0000027 

90° 

0.00032 

0.000071 

0.000025 

0.0000070 

0.0000028 

Surface  Temperature  = 

5°  0 

1° 

0.00039 

0.000071 

0.000022 

0.0000054 

0.0000020 

CO 

s 

0.00041 

0.000072 

0.000022 

0.0000057 

0.0000021 

15° 

0 • 00 044 

0.000080 

0.000025 

0.0000065 

0.0000025 

30° 

0.00046 

0.C00C97 

0.000030 

0.0000079 

0.00000 31 

60° 

0.00049 

0.00011 

0.000040 

0.000011 

0.0000042 

90° 

0.00050 

0.00012 

0.000041 

0.000012 

0.0000046 

Surface  Temperature  = 

-10°  C 

1° 

0.00051 

0.000097 

0.000033 

0.0000066 

0.0000024 

5° 

0.00051 

0.00012 

0.000035 

0.0000073 

0 .0000027 

15° 

0.00052 

0.00013 

0.000041 

0.000010 

0-.0000039 

30° 

0.00052 

0.00013 

0.000045 

0.000012 

0.0000050 

60° 

0.00052 

0.00013 

0 a OOGO46 

0.000013 

0 .0000051 

90° 

0.00052 

0.00013 

0.000047 

0.000013 

0.0000051 

POLAROID  CORPORATION  - RESEARCH  DEPARI 


Table  XXIV 


Scarce  Temperature:  350°  K 
Detector:  FoS,  90°  C 

Values  of  £«  > 10^"  E,  where  E is  in  ergs/( sec-om^) 


Range  in  Meters 

3,000  6,000  10,000  20,000 

Surface  Temperature  =-  39  C 


30,000 


1° 

0.000051 

0.000011 

0.0000029 

<•  OBI 

... 

... 

... 

».w 

9 

0.000051 

o.cooon 

0.0000035 

5.6 

X 

io"Z 

.... 

... 

... 

19 

0.000053 

0.000012 

0.0000036 

8.8 

X 

1° 

3.2 

X 

10 

30° 

0.000053 

0.00003  2 

0.0000043 

1.0 

X 

in1 

4.6 

X 

10' 

60° 

0. ooco 55 

0.000013 

0.000C04? 

1.2 

X 

5.3 

X 

10 

90° 

0.000056 

0.000013 

0.0000048 

1.2 

X 

10"6 

5.3 

X 

10 

Svirface  Temperature  = 20°  G 


1° 

0.000060 

0,000013 

0.CCC0045 

8.8  x 10-y 

3.1  x IQ"? 

5° 

0.000060 

0.000013 

0.0000045 

lo0  x 10"® 

3.9  x 10“ ■ 

15° 

0.000061 

0.000014 

0.0000048 

1.2  x I0"b 

4,9  x 10  1 

30° 

0.000064 

0.000014 

0.0000051 

1.3  x 10"® 

5.7  x 10"7 

60° 

0.000067 

0.000016 

0,0000056 

1.4  x 10”V 

6.2  x 10~Z 

90° 

0.000070 

0.000016 

0.0000057 

1.4  x 10“b 

6.4  x 10 

Surface  Temperature  = 5°  C 


1° 

0.000081 

0.000016 

0.0000051 

1.2  x 10"^ 

4.4  x 10” 

5° 

0.000085 

0.000016 

0,0000052 

1.2  x 107 

5.3  x 10" 

15° 

0.000088 

0.000018 

0.0000057 

1.4  x 10"? 

5.8  x 10” 

30° 

0.000092 

0.000020 

0.0000064 

1.6  x 107 

7.0  x 10” 

60° 

0.000095 

0,000022 

0.0000079 

2.0  x 107 

8.8  x 10” 

90° 

0.000095 

0.000023 

0.0000083 

2.1  x 10"° 

9,2  x 10” 

Surface 

Temperature  = 

-10°  C 

1° 

0.00010 

0.000023 

0.0C0G070 

1.4  x 10"£ 

5.6  x 10" 

5° 

0.00010 

0.000023 

0.0000073 

1.5  x 107 

6.2  x 10" 

15° 

0.00010 

0.000024 

0.0CC0063 

1.9  x IO7 

8.1  x 10" 

30° 

0,00010 

0.000024 

0.0000C86 

2.2  x 1C7 

9.5  x 10" 

60° 

0.00011 

0.000026 

0.0000092 

2,3  x 107 

1.0  x 1C" 

90° 

0,00011 

0 . 0C0027 

0.0000094 

2.4  x 10"6 

1.0  x 10" 

POLAROID  CORPORATION  - RESEARCH  DEPARTMENT 


Table  XXV 


Source  Temperature:  1000°  K 
Detector:  PbSe,  195°  K 

Values  of  E'  * lO^-  E,  where  E is  in  ergB/(eec-cm^) 


Ran^e  in  Meters 

3,000 

6 , GC0 

10,000 

20,000 

30,000 

Surface 

Temperature  = 

35°  C 

1° 

0.44 

0.093 

0,027 

5° 

0.44 

0.093 

0.029 

0.0060 

15° 

0.46 

0.097 

0,032 

0.0074 

0.0032 

30° 

0„46 

0.11 

0.037 

0.0088 

0.0039 

60° 

0.46 

0.12 

0.041 

0.010 

0.0044 

90° 

Cc49 

0.1? 

0,041 

0.010 

0.0046 

Surface 

Temperature  = 

?o°  c 

1° 

0.51 

0.12 

0.037 

0.0076 

0.0031 

5° 

0.51 

0.12 

0.038 

0.0084 

0,0035 

It0 

0.52 

0.12 

0.043 

0.010 

0.0042 

30° 

C.53 

0.12 

0.044 

0,011 

0.0048 

60° 

0.55 

0.13 

0.047 

0.012 

0.0052 

90° 

0.56 

0.13 

0.048 

0.012 

0.0053 

Surface 

Temperature  ^ 

5°  C 

1° 

0.6? 

0.13 

0,044 

0.010 

0.0041 

5° 

0.67 

0.13 

0.044 

0,011 

0 O OO46 

15° 

0,70 

0.14 

0.048 

0.012 

0.0049 

30° 

0<71 

C.16 

0.053 

0.013 

0.0056 

60° 

C.7S 

0.13 

0.062 

0.015 

0.0069 

90° 

0.72 

0.19 

0,06? 

0.016 

0.0073 

Surface 

Temperature  = 

-00°  c 

1° 

0.83 

0.18 

0.056 

0.012 

0.0049 

5° 

0.85 

0.19 

0.059 

0.012 

0 a 0C  51 

15° 

0.86 

0.20 

0.065 

0.015 

0.0063 

30° 

0.88 

0.21 

0.073 

0.017 

C.0078 

60° 

0.88 

0.22 

0.076 

0.019 

0.0085 

90° 

0.90 

0.22 

0,080 

0.020 

0.0088 

POLAROID  CORPORATION  — RESEARCH  DEPARTMENT 


Table  XXVI 


Source  Temperature:  £C0°  K 


Detector:  PbSe,  195°  C 

4 4 

Values  of  E‘  a 10  E,  where  E is  in  ergB/(eec-ca  ) 


i^iuge  in  Meters 

3,000 

6,000 

10,000 

20,000 

30,000 

Surface 

Temperature  = 

35°  C 

1° 

0.14 

C .029 

0.0086 

5° 

0.14 

0.029 

0.009? 

0.0018 

15° 

0.14 

0,032 

0.010 

0.0023 

0.0010 

3C° 

0.14 

0.034 

0.011 

0.0028 

0.0012 

60° 

0,15 

0.035 

0.013 

0,0032 

0.0014 

90° 

0,15 

0.035 

0.013 

0.0032 

0,0014 

Surface 

Temperature  = 

20°  C 

1° 

0.16 

0.036 

0.012 

0.0024 

0.00095 

5o 

0.16 

0.036 

0.012 

0.0026 

0.0011 

15 

0.16 

0.036 

0.013 

0.0031 

0.0013 

30° 

0.16 

0.037 

0.013 

0.0033 

0.0015 

60° 

0.17 

0.040 

0.014 

0.0035 

0.0016 

90° 

0.18 

0.041 

0.014 

0.0036 

0.0016 

Surface 

Temperature  - 

5C  C 

1° 

0.20 

0.041 

0.013 

0.0032 

0.0013 

0,21 

0.042 

0.014 

0.0033 

0.0014 

15o 

0.22 

0.044 

0,016 

0.0C34 

0.0015 

3°o 

0.23 

0.050 

0.017 

0.0040 

0.0017 

60 

0.24 

0.056 

0,020 

0 .0048 

0.0022 

90 

0,24 

0.057 

0.020 

0.0050 

0.0022 

Surface 

Temperature  = 

-10°  C 

1® 

0,25 

0.056 

0.018 

0,0035 

0.0015 

5C 

0,25 

0.057 

0.018 

0.0037 

0.0016 

15® 

0.26 

0.060 

0.020 

0.0047 

0.0020 

30 

0.26 

0.063 

0.022 

0,0054 

0,0024 

6°o 

0,27 

0.064 

0.024 

0.0059 

0.0C26 

90 

0.27 

' 0.066 

0.024 

0.0059 

C.0C26 

POLAROID  CORPORATION  — RESEARCH  DEPARTMENT 


Table  XXVII 


Source  Temperature:  600°  K 

Detector;  PbSe,  195°  X 

4 4 

Valuea  of  E'  e 10  E,  where.  E ia  in  ergB/(sec-cm  ) 


nango  in  Meters 

3,000 

6,000 

10,000 

20,000 

Surface 

Temperature 

= 35°  C 

i° 

0.021 

0.0045 

0.0014 

5° 

0.022 

0.0046 

0.0015 

0.00029 

15° 

0.022 

0.0049 

0.0016 

0.00037 

30° 

0.023 

0.0052 

0.0018 

0.00043 

60° 

0.023 

0.0057 

0.0'*'20 

0.00049 

90° 

0.024 

0.0058 

0.0020 

0.00051 

Surfece 

Tempera  lure 

•=  20°  C 

1° 

0.025 

0.0058 

0.0019 

0.00038 

0.025 

0.0059 

0.0019 

o.ooo a 

15 

0.025 

0.0060 

0.0021 

0.00048 

30° 

0,026 

0.0C62 

0.0022 

0.00053 

60° 

0.027 

0.0065 

0.0023 

0.00057 

90° 

0,028 

0.0066 

0.0024 

0.00059 

Surface 

Temperature 

* 5°  C 

1° 

0.031 

0.0065 

0.0022 

0.00049 

5° 

0.032 

0.0066 

0.0022 

0.00052 

15° 

0.033 

0.0071 

0.0024 

0.00056 

30° 

0.034 

0.0076 

0.0026 

0.00063 

60° 

0.035 

0.0083 

0.0030 

0.00073 

90° 

0.035 

0.0086 

0.0031 

0.00076 

Surfece 

Temperature 

= -100  c 

1° 

0,038 

0.0084 

0.0027 

0.00057 

£0 

0.038 

0.0087 

0.0028 

0.00060 

15° 

0,039 

0.0089 

0.0030 

0.00072 

30° 

0,039 

0,0095 

0.0033 

0,00080 

60° 

0.040 

0.0098 

0.0035 

0.00088 

90° 

0,04c 

0.010 

0.0035 

0.00088 

30,000 


0.00016 
0.00019 
0.00022 
0 .00023 


0.00015 

0.00017 

0.00021 

0.00024 

0.00025 

0.00026 


0=00020 

0.00023 

0.00025 

0.00028 

0.00032 

0.00034 


0 .00024 
0.00025 
0.00031 
0.00035 
0.00039 
0.00039 


POLAROID  CORPORATION  — RESEARCH  DEPARTMENT 


Table  XXV I II 

Source  Temperature:  500°  K 
Detector;  PbSe,  195°  K 

Values  of  E'  * lCf4  E,  where  E is  in  ergs/ ( sec -cm^) 


Range  in  Meters 


3,000 

6,000 

10,000 

20,000 

30,000 

Surface 

Tempera turo  k 

35°  C 

1° 

0.0062 

0.0013 

0 .00033 

5° 

0.0062 

0,0013 

0.00040 

0.000075 

15° 

0.0064 

0.0014 

0.00044 

0.00011 

0.000048 

30o 

0.0067 

0.0Q15 

0.00051 

0.00012 

0,000053 

60° 

0.0067 

0.0016 

0.00057 

0.00014 

0.000063 

90° 

0.0067 

0.0017 

0.00060 

0.00015 

0.000067 

Surface 

Temperature  = 

20°  C 

1° 

0,0071 

0.0017 

0.00051 

0.00010 

0.000042 

5o 

0.0071 

0.0017 

0,00054 

0.00012 

0.000048 

15° 

0.0071 

0 .0017 

0.00060 

0,00013 

0.000060 

3°0 

0.0072 

0,0017 

0.00060 

0.00015 

0.000067 

60° 

0.0074 

0.0018 

0 . 00064 

0,00016 

0.000071 

90° 

0.0074 

0,0018 

0.00065 

0.00016 

0.000072 

Surface 

Temperature  - 

5°  C 

1° 

0,0085 

o.coie 

0.00062 

0.00014 

0,000056 

5o 

0.0067 

o.cci9 

0.00064 

0.00015 

0.000064 

15° 

0,0088 

0.0019 

0.00065 

0.C0016 

0.000069 

3°° 

0..0092 

0.0021 

0.00070 

0.00017 

0.000074 

60° 

0.0095 

0.0023 

0,00079 

C, 00020 

0.000088 

90° 

0.0095 

0.0023 

0.00083 

0.00021 

0.000092 

Surface 

Temperature  = 

-10°  c 

1° 

0.0099 

0.0023 

0.00073 

0.00016 

0,000069 

5° 

0.0099 

0.0023 

0.00076 

0.00017 

0.000071 

15® 

0.010 

0,0024 

0,00083 

0.0C019 

0,000085 

30° 

0,010 

0.0025 

0,00087 

'•'.,00021 

0.000095 

60° 

0.010 

0 0026 

0,00091 

(' . 00023 

0.00010 

90° 

0o0l0 

0.0026 

C. 00092 

0.00023 

0-00C10 

POLAROID  CORPORATION  — RESEARCH  DEPARTMENT 


Table  XXIX 

Source  Temperature:  400°  K 


Detector:  PbSe,  195°  K 


Values  of  E 1 

n 10^  E,  where 

E is  in  erge/Ceec-cm^) 

Range  in  Meters 

3,000 

6,000 

10,000 

20,000 

30,000 

Surface 

Temperature  = 

35°  C 

1° 

0. 0009 5 

0.00020 

0.000057 

9 

0.00095 

0,00020 

0.000057 

0.000015 

1? 

0.00095 

0.00022 

0.000070 

0.000016 

0.0000067 

30° 

O.OC095 

0.CC023 

0.000079 

0.000019 

0.0000085 

60° 

0.00095 

0.00024 

C. 00 0086 

0,000021 

0.0000095 

90® 

0.00097 

0.00024 

0,000086 

0,000021 

0.0000095 

Surface 

Temperature  = 

20°  C 

1° 

0.C0099 

0.00024 

0,000083- 

0.C00017 

0.0000063 

5° 

0,0010 

0.00024 

0.000086 

0.000018 

0.0000074 

15° 

0.0010 

0.00024 

0.000086 

0.000022 

0.0000094 

30° 

0.0010 

0.00025 

0.000088 

0.000022 

0.0000097 

60° 

0.0011 

0.00026 

0.000092  ■ 

C. 000023 

0.000010 

■»o 

o 

o 

0.0011 

0.00026 

0.000092 

0.000023 

0.000010 

Surface 

Temperature  = 

5°  C 

1° 

0.0011 

0.00026 

0 .000089 

0.000022 

0.0000090 

5° 

0.0011 

0.00026 

0.000089 

0.000022 

0,0000095 

15° 

0.0012 

0.00027 

0.000092 

0.000023 

0.0000099 

3C° 

0.0012 

0.00028 

0,000099 

0.000024 

0.000011 

60° 

0.0013 

0.0C030 

0.0C010 

0,000026 

0.000012 

90° 

0.0013 

0.0C031 

0.00011 

0.000027 

0.000012 

Surface 

Temperature  = 

-10°  c 

1° 

0.0014 

0.00030 

0,00010 

0. 00 0023 

0,0000097 

5o 

0.0014 

0.00031 

0.00010 

0.000024 

0.000010 

15o 

0 .0014 

0.00033 

0.00011 

0. 000026 

0.000011 

30o 

0.0014 

0.00035 

0.0001? 

0.000029 

0,000013 

60° 

0.0014 

0.00035 

0.00012 

0.000031 

0,000014 

90c 

0.0014 

0,00035 

0.0001? 

0.000031 

0.000014 

POLAROID  CORPORATION  — RESEARCH  DEPARTMENT 


Tr.ble  rAX 

Source  Teiuperatur-e:  350°  K 

Detector:  PbSe,  195°  K 

4 / 

Values  of  E1  o 10  E,  rhere  E is  in  erge/(sec-cm  ) 


Range  in  Meters 


3,000 

6,000 

10,  XO 

20,0CO 

30,000 

Surface 

Temperature  - 

35c  C 

1° 

0.XC22 

0.0X04? 

0.000014 

5° 

0 . 00022 

0.000047 

0.0X015 

0.0000032 

*\  rrt 

-LP'' 

0.00023 

0.0X050 

0.000016 

0 .00X037 

0.XX026 

30° 

0.00023 

0. 000053 

0.00X18 

0 .000X44 

0.0XX19 

60° 

C .00024 

0.  COCO  57 

0.000020 

O.X00050 

0.0000022 

90° 

o,  or  024 

0 .0000 59 

O.XO023 

0. 00X053 

0 ,0X0023 

Surface 

Temperature  •= 

20°  C 

1° 

0,0002$ 

0.000059 

0 .000019 

O.X0X39 

0,0000016 

s 

0 0002$ 

0,000059 

0,000019 

o, 0000046 

0.000X18 

15° 

0,00025 

0.00X60 

0,000021 

0,0000050 

0.XG0021 

30° 

O.OOC25 

0.000062 

0.000022 

0.0000054 

0.00X024 

60° 

0.00026 

0.000062 

0 .000022 

0.0000056 

0 .00X025 

90° 

0.00026 

0.000063 

0,0X022 

0.0000056 

0,0X0025 

Surface 

Temperature  - 

o 

o 

1° 

0.00028 

0.000062 

0.00X22 

0.X00050 

0 . 0000020 

0,00028 

0.000064 

0.000022 

0 .0000053 

0.X00023 

15° 

0.00028 

0,000065 

0 .000023 

0.000X56 

0 oX0X25 

30° 

0 .00029 

0.0X069 

0,0X024 

0.0000059 

0.0X0026 

60° 

0,00029 

0.000072 

0.0X025 

0.XX064 

0.X0X28 

90° 

0.0CG29 

r .00007? 

0.00X26 

0.0000064 

0.0XX29 

Surface 

Temperature  - 

f 

v-> 

o 

o 

o 

1° 

0.000030 

0.00X72 

0.0X025 

0.0000056 

0.00X024 

0.000030 

0.00X72 

0.00002$ 

0.0000057 

0.X0X25 

15° 

0.C0C030 

0 .000072 

0 X0026 

0.x  00063 

0.XC002S 

30° 

0.000030 

0,000074 

0 000027 

0.0000063 

0,0000029 

60° 

0. COCO 30 

C.  00X74 

0.000027 

C .00X067 

0 • X00030 

90° 

0.  ox, 030 

0.000075 

0,00X27 

0.0000067 

0o0xx30 

POLAROID  CORPORATION  — RESEARCH  DEPARTMENT 


Table  XXXI 


o 

Source  Tempera ture : : 100C  K 
Detector:  PbSes  90°  K 

Values  of  E'  = lO^-  E,  where  E is  in  erga/(sec-cm^) 


Rnnpe  in  Meters 


3, coo 

6,000 

10,000 

20,000 

30,000 

Surface 

Temperature 

= 35°  C 

1° 

0.5S 

0.11 

0,032 

«•  e-  <9  a. 

5° 

0,58 

0.1? 

0.035 

0 „ 0072 

15° 

0.60 

0,13 

0 , 040 

0.0088 

0c0039 

3qc 

0o63 

0.14 

0.046 

0.011 

0.0049 

60° 

Oo65 

0.15 

0.054 

0.013 

0.0060 

90° 

0.67 

0,16 

0.056 

0.014 

0.0065 

Surface 

Temperature 

= 20c  G 

1° 

0;7j. 

0.16 

0,048 

0.0035 

5° 

0.71 

0.16 

0.051 

0.010 

0,0042 

15° 

0,71 

0,17 

0,056 

0.013 

0.0056 

30° 

0,71 

0,18 

0.060 

0.015 

0.0067 

60c 

0.74 

0.16 

0.064 

0.016 

0 0071 

90° 

0.74 

0.18 

0,064 

0,016 

0.0071 

Surface 

Temperature 

= 5°  C 

1° 

0.85 

0.18 

0,062 

0.014 

0,0053 

5° 

0.07 

0.18 

0.064 

0.014 

0.0060 

3 5° 

0.90 

0.19 

0.064 

OcOie 

0.0071 

30° 

0.93 

0.20 

0.068 

0.017 

0.0074 

60° 

0.99 

0,23 

0.082 

0.020 

OcOOSS 

90° 

1.0 

0.24 

0,068 

0.022 

0.0097 

Surface 

Temperature 

* -10°  c 

1° 

1.1 

0.23 

0.073 

0.016 

0.0069 

5o 

1.1 

0,24 

0.077 

0.016 

0.0071 

15 

1.1 

0.25 

0.085 

0.020 

0.0081 

30° 

1.1 

0.27 

0.092 

0,023 

0.010 

60° 

1.1 

0 ..  23 

0.099 

0,025 

0.011 

90° 

1.2 

0 . 28 

0.10 

0.026 

0.011 

POLAROID  CORPORATION  — RESEARCH  DEPARTMENT 


Table  XJCXli 


Scarce  Temperature:  800  K 

c 

Detector:  PbSe,  90  K 

4 . L 

Values  of  E1  = 10  E,  where  E is  in  ergs/ (sec -cm  ) 


Range  in  Meters 


3,000 

6,000 

10,000 

20,000 

30.000 

Surface 

Temperature 

* yp  c 

1° 

0.18 

0,036 

0.010 

cO 

✓ 

0.18 

0.036 

0.011 

0.0021 

15° 

0.19 

0.039 

0.013 

0.0029 

0.0012 

30° 

0.19 

0.042 

0.014 

0.0034 

0.0015 

60° 

0.19 

0.047 

0.016 

0.0041 

0.0018 

90° 

0.19 

0.048 

0.017 

0.0042 

C.0019 

Surface  Temperature  20°  C 


1° 

u . 20 

0.048 

0.015 

0.0030 

0,0012 

5° 

0.20 

O.O48 

0.016 

0.0033 

0.0013 

15° 

0.21 

0.049 

0.017 

0.0040 

0,0017 

30° 

0.22 

0.049 

0.018 

0.0044 

0,0019 

60° 

0.23 

0.053 

0.019 

0.0047 

0,0021 

90° 

0.24 

0.055 

0.019 

0.0048 

0,00)21 

Surface 

Temperature  a 

5°  C ' 

1° 

i-O 

0.28 

0.055 

0.018 

0.0041 

C.0016 

, r O 

0.28 

0.056 

0.018 

0.0043 

0,0019 

15 

„ O 

0.29 

0,061 

0.020 

0.0046 

0 0020 

30 

0.30 

0.057 

0.023 

0.0C54 

0.0024 

60 
_ -O 

0.32 

0.076 

0.026 

0.0065 

0,0029 

9o 

r\ 

0.077 

0.027 

0.0068 

0,0030 

Surface 

Temperature  = 

-10°  c 

1° 

0.34 

0.075 

0.024 

0,0047 

0.0019 

5n 

0.34 

0.077 

0.025 

0.0051 

0,0021 

15 

0.35 

0.081 

0.027 

0.0064 

0.0028 

30° 

0,35 

0.084 

0,029 

0.0072 

0,0032 

60° 

0,35 

0.087 

0.031 

0 .0078 

0.0035 

90° 

0.35 

0.089 

0.032 

0,0078 

0,0035 

POLAROID  CORPORATION  — RESEARCH  DEPARTMENT 


Teble  XTAIU 


Source  Temperature.;  600°  K 
Detector : PbSe,  90°  K 

Values  of  E‘  = 10^  E,  where  E is  in-erg8/(sec-cm^') 


Range  in  Meters 


3,000 

6,000 

10,000 

20,000 

30,000 

Surface 

Temperature 

- 35°  0 

1° 

0.037 

0.0075 

0 0020 

5° 

0.037 

0.0076 

0 .002? 

0.00042 

15° 

0.039 

0.0082 

0.0026 

0.00057 

0 .00025 

30° 

0.041 

0.0089 

0.0030 

0,00071 

0,00032 

60° 

0.041 

0.0098 

0.0035 

0.00088 

0 .00039 

90° 

0.042 

0.010 

0.0035 

0.00C88 

0.00039 

Surface 

Temperature 

= 20°  C 

1° 

0.044 

0.010 

0.0032 

0.00060 

0.00022 

r.° 

-v, 

0.044 

0.C1G 

0.0033 

0.00068 

0.0C028 

15° 

0.046 

0.011 

0.0035 

0.00083 

0.00035 

30° 

0 . 046 

0.011 

0.0038 

0 00095 

0.00042 

6G° 

0.049 

0.012 

0.0041 

0.0010 

0.00046 

90° 

0.049 

0.012 

0.0041 

0.0G10 

0.00046 

Surface 

Temperature 

11 

v_n 

O 

O 

1° 

0,055 

0.012 

0.0038 

0.00088 

0.00035 

5° 

0.055 

0.012 

0.0040 

0.00091 

0.00035 

15° 

0.057 

0.012 

0.0041 

0.0010 

0.C0044 

30° 

0.058 

0.013 

0.0046 

0,0011 

0.00049 

60° 

0.060 

0.014 

0.0051 

0.0013 

0.00056 

90° 

0.062 

0.015 

0.0053 

0.0013 

0.00058 

Surface  Temperature  = -10°  C 


1° 

0.064 

0.014 

0 0 00i+8 

0.0010 

0.00042 

5° 

0.064 

0.015 

0.0050 

0.0010 

0.00046 

15° 

0,065 

0.015 

0.0053 

0,0012 

0.00053 

30° 

0.067 

0,016 

0.0056 

0,0014 

0.00062 

60 

0,067 

0 .017 

0.0059 

0,0015 

0.00065 

90° 

0.067 

0,017 

0.0060 

0.0015 

0.00067 

POLAROID  CORPORATION  — RESEARCH  DEPARTMENT 


Table  OT1V 


Source  Temperature:  500* 


Detector;  PbSc,  90  X 


Values  of  E'  . 104  E,  where  E is  in  ergs/(eec-cm4) 

Range  in  f.'eters 


3,000 

6,000 

10,000 

20,000 

30,000 

Sux’faoo 

Tempereiure 

- 3f  C 

1° 

0.011 

0 . 0022 

0.00060 

C? 

0,011 

0,0022 

0.00067 

0,00012 

if 

0,011 

0,0024 

0.00076 

0 .00017 

0.000071 

3CP 

0,01.3 

0,0027 

0,00089 

0.00021 

0.000095 

6CP 

0 o Cl  2 

0 .0028 

0.0010 

0 .00025 

0.00011 

90° 

0,012 

0,0029 

0.0010 

0,00026 

0,00012 

Surface 

Temperature 

?0J  C 

1° 

0,013 

0,0079 

0,00092 

0,00017 

0.00C067 

5° 

0,013 

0,0029 

0.00095 

0,00020 

0.000081 

15° 

0,013 

0 .0030 

0.0010 

0.00025 

0.00011 

10° 

0,014 

0,0032 

0.0011 

0.00027 

0.00012 

60° 

0,014 

0,0034 

0 „ 00  ’•  2 

0,00029 

0.00013 

90° 

0,014 

0 ,0035 

0 ,0012 

0.00030 

0,00013 

Surface 

Temperature 

, 5°  C 

1° 

0,016 

0,0035 

0.0011 

0.00025 

0.000099 

cO 

0,016 

0.0035 

0.00:1 1 

0.00026 

0.00011 

If 

0,016 

0.0036 

0.0012 

0,00029 

0.00C13 

30° 

0,017 

0.0039 

0.0013 

0,00032 

0.00014 

60° 

0.017 

0.0042 

0.0015 

0.00036 

0 00016 

90° 

0 ,018 

0.0043 

0 . or  1 5 

C.  00036 

0.00017 

Surface 

Tempo  return 

i/O  p 

- -.u  C 

1° 

0,018 

0 .0042 

0.0014 

0,00030 

0.0C012 

tfi 

0.018 

0.0043 

0.0014 

v0.0C.032 

0.00013 

15° 

0.019 

0,0044 

0.0c 15 

0.00036 

C.0C016 

30° 

0.019 

0,0047 

0,0016 

0.00040 

0,00018 

cv 

0.019 

0.0043 

0,0017 

. 0.00042 

0.00019 

90° 

0.019 

0.0049 

0,0017 

0.00042 

0.00019 

POLAROID  CORPORATION  — RESEARCH  DEPARTMENT 


"eble  XXX  V 


•Source  Temperature:  400°  K 

Detector:  PbSe,  90°  K 

4 4 

Values  of  1 = 10  E,  where  E is  in  ergs/(sec-cn  ) 

Range  in  iietera 


3,000 

6,000 

10,000 

20,000 

30,00c 

Surface 

Temperature 

= 35?  C 

1° 

0.0017 

0.00033 

0.000075 

0,0017 

0 .00033 

0.000084 

0.000016 

if 

0.0017 

0.00036 

0.00011 

0.000023 

0.0000099 

3CP 

0.0018 

0 .0004 1 

0.0003  3 

0.000031 

0.000014 

6C P 

0.0019 

0.00046 

0.00016 

0.000040 

0.000017 

9C° 

0 q 00  20 

0.00046 

0.00017 

0.00004? 

0.000018 

Surface 

Temperatun 

= 20 0 C 

1° 

0.0021 

0.00048 

0.00014 

0.000025 

0.0000085 

5° 

0.0022 

0.00049 

0.0C015 

0.000030 

0.000012 

15° 

0.0022 

0.00051 

0.00017 

0.000038 

0.000016 

30° 

0.0023 

0.00055 

0 .00019 

0.000046 

0.000020 

60° 

0.0024 

0,30059 

0.00021 

0,000052 

0,000022 

90° 

0.0024 

0.00060 

0.00022 

0. 0000 54 

0.000023 

Surface 

Temperature 

= 5°  C 

-0 

A 

0.0025 

0,00060 

0.00019 

0.000040 

0,000015 

5° 

0.0026 

0 - 00061 

0.00020 

0.000044 

0.000017 

15° 

0.0026 

0.00064 

0.00022 

0. coco 51 

0.C00021 

30° 

0.0027 

O.OOO65 

0.00023 

0.000056 

0.000024 

60° 

0.0026 

0.00069 

0.00025 

0. no 0061 

0.00C026 

90° 

0.0028 

0. 000 71 

O.OOC25 

c. 000063 

0.000027 

Surface 

Temperature 

=1  ‘10°  c 

1° 

0.0029 

0.00069 

0.00024 

0.000052 

0,000020 

5° 

0,0029 

0.00071 

0.00024 

0.000056 

C.C00022 

15g 

0.0029 

0.0C072 

C. 00025 

0.000060 

0.000025 

30° 

0.0029 

0.00074 

0.00026 

0. 000065 

0.000028 

60° 

0.0C30 

0.00077' 

0.00027 

0.00006 8 

0.000029 

90° 

0.0030 

0 00073 

0.00028 

0.000070 

0.0000 30 

y 


POLAROID  CORPORATION 


Table  XX/ VI 

Source  Temperature . 35'*/''  }' 

Detector:  rbSe,  90°  K 

Values  of  E«  = 10^  Es  where  E is  in  ergs/(pec-cm^) 


Range  in.  rioters 


3,000 

6,000 

10,000 

70,000 

Surf s ce 

Temperature  •.£ 

35°  C 

1° 

0.00039 

0.000071 

u .000019 

5° 

0 .00039 

0.0000/72 

0 000O20 

0,0000037 

15° 

O.OOO42 

0 .0O0081 

0.000025 

0.0000052 

30° 

n / ' 

0 .000089 

0.0G0C30 

0.0000072 

60° 

0.0004? 

0 ,00011 

0 .005*035 

0.0000088 

90° 

0 0 00049 

o.ooon 

0.000040 

0,0000095 

Surface 

Temperature  - 

20°  0 

1° 

M.O 

0.00056 

0,00011 

0,000031 

0,0000059 

C. 000 55 

t ■ ,00011 

0.000033 

0.0000065 

0.00060 

0.00012 

0.000040 

0,0000088 

30 

_ Cl 

0.00064 

0.00014 

0.000046 

c.ocoon 

60 

0 .00067 

0.00015 

0.000054 

0.C00014 

90 

0.00067 

0,00016 

0.000056 

0.000014 

Surface 

Temperature  = 

5°  C 

1° 

0.00071 

0.00016 

0.000048 

0.0000095 

5o 

C.  00071 

0.00016 

0 .000051 

0,000010 

15o 

0,00071 

0.00017 

0.000056 

0,000013 

30o 

0,00073 

0.00018 

0.000060 

0.000015 

60° 

0,00074 

O. 0001 8 

0.000064 

0.000016 

90° 

0.00074 

0.00018 

0.000065 

0.000016 

Surface 

Temperature  = 

-10°  C 

O 

1 

-O 

O 

c 

0 

p 

S: 

rr\ 

0,00018 

0,000062 

0,000014 

c 

^ "’0 

0.0007b 

0,00018 

0 rVW)A/ 
• • ^ - - v-  v'“+ 

0,000014 

Vo 

0,00076 

0 . 00019 

0.000065 

0.000016 

3°c 

0,00078 

0.00019 

0.000067 

0.000017 

“0 

0,00078 

0.00020 

0.000070 

0,000017 

90 

0,00078 

0.00020 

0,000070 

0-000017 

RESEARCH  DEPARTMENT 


30,000 


0.0000020 

0,0000032 

0,0000039 

0.000004? 


0c 0000020 

Oo 0000025 

0 .0000037 
0.00000.49 
0.CC0C06O 
0.0000062 


C. 00000 34 
0.0000042 
0.0000056 
0.0000067 
0.0000071 
0.0000073 


O.OOOOC53 
0,0000060 
0 .0000071 
0,0000074 
0,0000078 
0.0000078 


POLAROID  CORPORATION  — RESEARCH  DEPARTMENT 


Table  h 

Equivalent  Thickness  of  .Vater  Vr-por  in  Centimeters 


Range  in  t'eters 


3,000 

6,000 

10,000 

20,000 

30,000 

Surface 

Temperature 

= 35°  C 

1° 

11.5 

72.0 

38  .,1 

76.4 

108.0 

5° 

11.0 

71.5 

32.8 

55.5 

71.8 

15° 

10.1 

17.3 

24.1 

31.6 

34 .1 

30° 

8.85 

13.40 

16.30 

18.10 

18.35 

60° 

7.18 

9.46 

10.30 

10.60 

10.60 

90° 

6.69 

6.4  7 

9.05 

9.16 

9.16 

Surface 

Temperature 

= 20°  C 

1° 

4*5 

P.3 

14.4 

28. 9 

40.8 

5° 

4.20 

8.15 

12.35 

20. 8 

27.0 

15° 

3.80 

6.53 

9.02 

11.90 

12oS0 

30° 

3.32 

5.02 

6.10 

6.60 

6.89 

60° 

2.69 

3.55 

3.86 

3.96 

3.96 

90° 

2.51 

3.18 

3.41 

3.44 

3.44 

Surface 

Tc-mperr  ture 

a 5°  C 

1° 

1.75 

3.20 

5.52 

10.8 

15.4 

5° 

1.63 

3.08 

4.78 

7.80 

10.1 

15° 

1.43 

2.45 

3.38 

4.45 

4.80 

30° 

1.25 

1.88 

2.28 

2.54 

2.58 

60° 

1,01 

1.33 

1.45 

3.51 

1.51 

90° 

0.94 

1 .19 

1 .27 

1.29 

1.29 

Surface 

Temperature 

= -10°  c 

1° 
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£ ummary  of  Available  Information  on  Infrared  Target  Radiation 

R.  Clark  Jcne3 
February  24,  1949 


The  papers  are  identified  on  the  list  attached  at  the  end  of 
this  report. 


faper  1C 

Thie  report  is  a translation  of  the  summary  and  bibliography  of 
a German  document.  The  main  portion  of  the  original  document  has  not 
been  found.  The  report  is  concerned  with  the  total  heat  radiation  from 
four  cycle  motors  of  unspecified  power.  It  is  stated  that  the  total 
heat  output  for  the  motors  studied  is  roughly  two  percent  of  the  rated 
output  of  the  motors.  Correspondingly,  the  radiation  from  the  exhaust 
gases  (primarily  at  2,7  and  4.3  microns)  is  only  about  0.1  percent  of 
the  rated  power.  The  temperature  of  the  exhaust  gases  decreases  ex- 
ponentionally  in  the  direction  of  the  exhaust.  The  difference  between 
the  evhnust  temperature  and  the  ambient  temperature  decreases  to  10 
percent  of  the  original  value  at  60  centimeter? . 


Paper  2C 

The  measurements  reported  are  on  a single  Derwent  V jet  engine. 
The  power  red luted  backward  at  maximum  speed  corresponds  to  an  isotropic 
radiator  with  a power  of  5 kilowatts.  The  power  drops  to  3 kilowatts 
at  an  argle  of  35°  from  the  backward  direction.  The  power  of  the  en- 
gine is  unstated,  but  it  is  probably  about  5000  horsepower.  If  this 
guess  of  the  total  power  is  correct,  the  total  power  radiated  referred 
to  the  backward  direction  is  only  slightly  more  than  0.1  percent  of  the 
engine  power.  The  power  radiated  from  the  gas  stream  is  only  50  watts. 


Paper  3C 

Tills  report  contains  measurements  of  temperature  by  means  of 
photocells. 


Paper  4C 

This  paper  is  concerned  with  the  infrared  radiation  from  the 
boundary  layer  of  a high  speed  missile.  The  concern  in  the  paper  is 
exclusively  with  the  effect  of  this  radiation  on  a heat  detector 
located  In  the  missile. 
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Paper  6C 

"The  primary  object  of  this  project  is  to  develop  techniques 
for  measuring  spectral  characteristics  of  various  circumstances,  parti- 
cularly in  the  infrared  and  to  develop  radiation  standards  for  radio- 
metric calibration."  There  is  no  information  on  target  radiation  in 
this  report. 


Paper  7C 

This  is  a theoretical  study  of  the  heating  by  skin  friction. 

The  equilibrium  skin  temperature  is  surmnarizgd  in  Fig.  1 and  2.  At 
sea  level  the  increase  of  temperature  is  200  F at  1000  mi3es  per  hour, 
700°  F at  2000  miles  per  hour,  and  3500°  F at  3000  miles  per  hour. 

These  figures  refer  to  the  increase  in  the  equilibrium  temperature  of 
the  surface  of  thn  missile. 


Paper  8C 

"The  object  of  the  work  covered  by  this  report  was  the  measure^ 
ment  of  spectral  and  total  radiation  intensities  emitted  by  jet  engines 
with  special  reference  to  the  radiation  of  exhaust  gases  in  the  infrared 
region.  The  coordination  and  development  of  suitable  instruments  and 
equipment  for  carrying  out  these  measurements  were  a necessary  part  of 
the  work."  A summary  of  the  results  i3  contained  on  pages  19  through  22. 
Figure  55  and  Figs.  67  to  88  are  of  particular  interest. 


Paper  9C 

This  brief  report  is  the  actual  measured  skin  temperature  of 
a flight  of  the  A-4.  The  skin  temperature  rises  to  a peak  of  600°  C 
during  the  descent  into  the  atmosphere. 


Paper  10C 

This  German  report  is  a very  important  study  of  the  total  ra- 
diation Y/ithin  the  lead  sulfide  bond  of  a number  of  different  aircraft 
os  a function  of  horizontal  azimuth  and  also  in  the  downward  direction. 
iTeasuremente  were  made  with  the  planes  in  flight  and  e0  so  stationary. 


Paper  3 1C 

No  information  on  radiation. 
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Paper  12C 

This  report  is  a supplement  to  Paper  4C. 


Paper  13C 

This  report  describes  rather  carefully  measurements  of  the  sky 
radiation.  Measurements  were  made  with  apparatus  covering  three  different 
spectral  intervals  approximately  0.4  to  0.3  micron,  1.0  to  3.0  microns, 
and  5 to  13  microns. 


Paper  14C 

This  is  a translation  of  Paper  10C. 


Paper  15C 

^Cne  infrared  receiver  employed  a cooled  German  Elac  lead  sulfide 
cell  mounted  in  a 12  inch  eperture  thirty  inch  focal  length  parabolic 
mirror.  The  unit  was  mounted  on  the  Gun  Director  and  boresighted  with 
the  25  power  binoculars.  The  sensitive  area  of  the  cell  was  6 x 6 mm 
and  the  field  of  view  was  limited  to  a square  about  ?5  minutes  on  each 
side  by  an  aperture  at  the  exact  focus  of  the  mirror.  A toothed  wheel 
in  front  of  the  .aperture  chopped  the  radiation  £00  times  a second.  The 
size  cf  the  chopper  teeth  and  the  openings  between  the  teeth  were  equal 
and- the  aperture  was  equal  in  size  to  a tooth  and  an  opening.  The  cell 
was  located  *ust  behind  the  aperture.  /* 3 a result  the  flux  from  a uniform 
background  passing  by  the  chopper  remained  constant  and  unmodulated. 

This  prevented  the  sky  from  producing  a signal  in  the  absence  of  a target. 
The  cell  was  sensitive  to  radiation  of  wavelengths  from  0.6  to  3 microns 
with  maximum  response  at  2.5  microns  and  was  cooled  with  dry  ice  to  increase 
sensitivity.  The  output  of  this  aperatus  was  amplified  and  applied  to 
an  Esterline  Angus  recorder. 

"A  strong  signal  was  recorded  from  the  rocket  with  the  lead 
sulfide  receiver  from  the  time  the  fuel  was  Ignited  until  it  was  cut  off 
at  a height  of  19  miles  and  slant  range  of  21  miles.  Gne  feature  of  the 
record  was  that  the  signal  remained  at  almost  a constant  amplitude.  The 
explanation  appeared  to  be  that  as  the  range  increased  the  total  mass 
of  atmospheric  attenuation  decreased  and  the  two  effects  happened  to  com- 
pensate. The  signal  was  strong  during  the  entire  burning  period  and  then 
suddenly  fell  to  zero.  An  estimate  of  the  energy  received  was  obtained 
by  placing  a small  stop  over  the  mirror  and  pointing  the  unit  at  the  sun 
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ct  noon.  Fihen  the  response  was  equal  to  that  from  the  rocket  the  calcu- 
lated flux  density  from  0.6  to  3 microns  was  40  ergs  cnT^  see*'^.  No 
signal  at  all  was  received  after  Brenschluss  and  it  was  concluded  that 
the  lead  sulfide  cell  responded  only  to  the  infrared  emission  from  the 
hot  gases  in  the  exhaust." 


Paper  16C 

This  report  describes  an  eight-line  scanning  system  using  thermo- 
couples. The  system  appears  very  crude  end  the  results  very  poor. 


Paper  17C 

Although  this  report  contains  no  data  on  the  radiation  of  air- 
craft. the  information  on  ship  mediation  should  be  very  useful. 


Paper  18C 

This  report  concerns  the  theory  of  the  temperature  of  the 
boundary  layer  and  the  skin  temperature  of  a high  speed  missile. 
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MEASUREMENTS  ON  COMPRESSION  CIRCUITS 
January  7,  1949 
1.  Introduction  Harry  £toekinil'a 

An  interesting  problem  has  been  encountered,  in  which  the  output 
voltage  vs.  input  voltage  curve  for  a pulse  amplifier  was  to  be  given 
a particular  shape,  representing  a small,  specified  amount  of  com- 
pression at  low  input  voltages,  and  a large,  specified  amount  of  com- 
pression for  high  input  voltages.  The  encountered,  single  pulses  were 
of  approximate  duration  0.1  seconds,  and  had  a dynamic  range  of  over 
100  decibels  in  voltage  (dbv,  the  input  and  output  impedances  had  pre- 
determined values) . It  was  tentatively  decided  that  the  initial  part 
of  the  compression  curve  should  represent  a 1:2  ratio  between  the 
decibel  scales,  while  the  major  part  of  the  curve  should  represent  a 
1}6  ratio.  The  problem  is  complicated  by  the  fact  that  the  amplifier 
must  operate  equally  well  on  positive  as  on  negative  poises,  and  ensu- 
ing positive  and  negative  voltage  transients. 

Several  solutions  have  been  considered,  but  the  original  problem 
will  not  be  further  discussed  here.  Instead,  the  general  form  of  two 
solutions  will  be  inspected,  and  the  predictions  made  analytically 
checked  experimentally.  The  following  text  and  figures  merely  state 
the  results  from  the  experimental  investigations.  No  attempt  has  been 
made  at  this  point  to  rigorously  apply  the  results  to  the  original  prob- 
lem. The  measurement  results  only  serve  to  indicate  that  if  the  sug- 
gested types  of  circuits  are  used,  a resulting  compression  curve  of  es- 
sentially the  desired  form  obtains. 


2.  Feedback  Cathode  Follower  Circuit 


an 


The  first  experimental  investigation  concerns  the  use  of /individual. 


cathode  follower  feedback  loop  for  each  amplifying  stage,  so  that  the 
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pulse  amplitude  is  compressed,  first  in  the  output  amplifier  stage, 
then  in  the  previous  amplifier  stage,  and  finally,  at  the  end  of  the 
signal  dynamic  range,  in  the  input  amplifier  stage*  A simple  direct 
current  circuit  is  investigated,  as  elaborate  pulse  transmission  test 
facilities  were  not  available  at  the  time.  No  attention  has  been 
given  the  technical  problem  of  obtaining  electrode  biases,  etc.,  or 
the  problem  of  how  to  arrange  the  feedback  loop  to  act  on  both  signB 
of  the  incoming  pulse  (this  can  be  done  by  means  of  phase  reversal 
tubes) . The  measurements  on  the  cathode  follower  loop  have  been  in 
the  form  of  estimations  rather  than  plotted,  accurate  curves,  and 
response  curve  is  submitted  with  this  report.  The  measurements  prove, 
however,  that  a smooth  change  of  the  feedback  transmission  constant 
obtains  when  the  grid  bia3  (actually  signal)  voltage  is  varied  through 
the  feedback  region. 

5.  Attenuating  Diode-pair  Circuit. 

The  second  experimental  investigation  concerns  the  use  of  shunting 
diodes,  or  pair  of  opposite  polarity  diedos,  between  grid  and  ground 
of  each  amplifying  tube,  sc  that,  on  conduction,  the  voltage  drop  in 
a series  resistor  causes  the  desired  loss  in  output  voltage,  increasing 
with  the  amplitude  of  the  applied  eignal.  The  measurements  have  been 
carried  out  for  direct  voltage  conditions  only.  It  is  attempted  to 
prove  that  if  two  coneocutive  diode  loops  are  used,  tho  desired  shape 
of  cumpi*ession  curve  can  be  obtains:.,  but  the  alternative  of  using  a 
third,  additional  diode  loop  for  better  result  exists,  of  course.  Tho 
amplifying  tubes  between  tbs  diode  networks,  adding  consecutively  to 
the  desired  compression,  are  operated  linearly,  as  grid  current  damping 
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in  these  tubes  would  upset  the  symmetry  of  the  circuit  to  pulses  of 
opposite  sign. 

The  experimental,  basic  circuit  for  diode  compression  is  shown  in 
the  upper  part  of  Figure  1.  The  two  diodes  are  biased  by  proper  sources 
as  indicated.  Additional  resistors  to  serve  as  adjustments  may  be  in- 
serted from  each  plate  to  ground. 

The  second  diode  is  biased  approximately  0.5  volts  negative,  so 
that  plate  current  will  commence  to  flow  already  for  a value  of  V^n  of 
a few  tenths  of  a volt.  The  voltage  VQut  will,  then  start  to  drop  at  a 
slow  rate,  essentially  determined  V the  resistor  Rg.  The  first  diode 

is  biased  at  approximately  5/4  vclts  and  goes  into  action  later,  how- 
ever with  a dynamic  characteristic  more  closely  following  the  tube  char- 
acteristic. The  voltage  drop  due  to  the  first  diode  is  essentially 
controlled  by  R^.  (For  reasons  of  simplified  calculations,  with  the 

loading  on  by  the  second  diode  Dg  neglected,  Rg  was  originally  given 

a much  larger  value  than  R^.)  The  second  diode  starts  to  take  appreciable 
current  at  the  point  on  the  final  compression  curve,  where  the  action  of 
the  first  diode  tends  to  become  linear.  In  this  way  the  resulting,  curved 
part  of  the  characteristic  is  extended,  while  tbs  flat  part  suddenly  takes 
over  to  yield  a high  amount  of  compression,  represented  by  a straight  line 
in  the  diagram.  To  permit  the  use  of  relatively  large  and  Rg  values 
without  experiencing  a heavily  suppressed  upper  part  of  the  characteristic, 
the  resistors  R5  and  R^  have  been  inserted.  These  resistors  are  only  active 
to  an  appreciable  extent  on  the  bend  and  upper  part  of  the  final  response 

curve,  where  the  plate  current  is  large,  and  thus  provide  very  convenient 
controls  for  slope  regulation  here.  By  adjusting  the  various  controls  for 

resistance  and  bias  values,  the  resulting  curve  can  be  made  to  closely  re- 
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semble  the  desired  one.  At  approximately  5 volts  input  voltage,  the 
final  response  curve  continues  as  a straight  line  of  excessive  slope. 

This  is  the  point  where  the  nonlinear  networks  preceding  the  amplify- 
ing tube  should  take  over  and  add  compression  so  - as  to  secure  the  de- 
sired response. 

4.  Feedback  Diode— Pair  Circuit 

It  is  of  interest  to  consider  a compression  circuit  operating 
simultaneously  with  feedback  and  output  nonlinear  network  attenuation. 
Such  a circuit  may  be  obtained  by  combining  the  idea  of  the  cathode 
follower  feedback  loop  with  the  idoa  of  the  attenuating  diode-pair. 
Generally,  output  attenuation  will  reduce  tho  output  of  the  stage  with- 
out affecting  the  gain  of  the  tube,  while  feedback  will  change  the  gain 
without  affecting  the  output  voltage  obtained  from  the  regulated  tube. 

The  two  compression  systems  have  different  characteristics  and  res- 
ponse curves,  and  by  ahang?  r.  gthe  parameters  in  the  circuit  to  be  des- 
cribed, one  can  go  from  one  extreme  to  the  other,  obtaining  any  de- 
sirable combination  of  the  two  actions. 

Figure  3 shows  several  response  curves  which  illustrate  how  the 
shape  of  the  response  curve  can  be  conveniently  changed  by  proper  use 
of  the  many  parameters  in  the  circuit,  Figure  2,  While  attenuation 
only  provides  a certain  compression,  feedback  action  will  produce  a defi- 
nite limiting  action.  The  percentage  figure  given  is  simply  calculated 
as  R4/R3  and  only  serves  as  qualitative  information  about  the  amount  of 
feedback  used.  Due  to  the  fact  that  a changed  position  of  the  tap  on 
the  potentiometer  R3  not  only  changes  the  amount  of  feedback,  but  also 
to  some  extent  the  steady  bias  voltage  on  the  grid,  a small  correction 

should  be  introduced  in  the  diagram,  Figure  3.  Nevertheless  the  trend 


of  utilizing  negative  feedback  is  obvious. 

The  curve  for  Rg  — 37000  ohms  has  a tendency  to  bend  upwards, 
and  generally,  the  effect  of  Rg  increases  with  the  signal  amplitude. 
This  fact  is  of  little  significance  as  the  total  attenuation  for  th9 
upper  part  of  the  dynamic  range  in  Fig.  3 is  handled  by  the  compression 
circuits  of  previous  amplifier  stages. 
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CHANNEL  AMPLIFIER  DESIGN 
January  7,  1949 
Harry  Stockman 


1.  Basic  Considerations: 

The  design  work  on  this  and  the  adjacent  two  amplifiers  may  be 
divided  into  three  major  parts,  concerning 

1.  Amplitude  (or  power)  response 
Z.  Waveform  (or  phase)  response 
Z.  Signal-to-noise  ratio. 

The  following  discussion,  deals  essentially  v/ith  item  1.  Tills  item  in- 
cludes to y3  and  means  for  Automatic  Gain  Control,  AGC,  or  signal  com- 
pression. To  not  unnecessarily  invite  difficulties  in  form  cf  insta- 
bility problems  rnd  signnl-to-noi.se  problems,  AGC  has  not  been  applied 
to  the  cell-amplifier.  To  restrict  the  signal  dynamic  range  on  the 
switching  tube,  all  AGC  action  is  initially  restricted  to  the  channel 
amplifier.  Large  signal  limiting  may,  however,  be  applied  to  the  CRQ 
amplifier  so  as  to  prevent  "blooming”  on  the  CRD  screen. 

The  AGC  problem  should  be  simplified  if  a "lin-log”  type  of  chan- 
nel amplifier  could  be  used  without  any  corapression  at  all  for  the  initial 
signal  dynamic  range.  This  would,  however,  involve  a very  high  amount 
of  compression  on  the  stronger  signals,  and  result  in  a sharp  lenee  on 
the  voltage  output  vs.  voltage  input  curve,  which  is  not  desirable.  Ac- 
cordingly a curve  such  as  the  tentative  curve  in  Fig.  1 siiould  be  aimed 
at,  where  a smaller  amount  of  fixed  ratio  compression  (is  2)  is  applied 
for  signals  t.  10  dire  around  the  noise  level,  while  a higher  amount  of 
fixed  ratio  compression  (1:6)  is  used  for  the  remaining  part  of  the  dy- 
namic range.  The  vertical  scale  is  restricted  to  25  dbv  on  t»ic  uu  i/ o 
tion  that  this  variation  in  the  output  is  desirable  after  compression. 

The  total  amplification  in  the  channel  amplifier  is  initially  assumed  to 
be  110  dbv.  On  the  assumption  that  signals  might  be  observed  down  in 
noise,  compression  is  applied  from  -10  dbv  and  up,  see  fig.  1. 

Tentatively  the  use  of  d.c.  amplifiers  is  disregarded  in  the  initial 
design.  It  is  assumed  that  basically  three  amplifying  stages  are  needed, 
which  means  a total  of  five  low-frequency  cut-offs  prior  to  the  switching 
tube.  In  the  discussion  of  the  cell-amplifier  the  tine  constant  value  of 
oach  cut-off  (for  a resulting  cut-off  frequency  of  2/3  cp3)  was  set  to 
approximately  0,6  seconds.  The  higher  cut-off  can  be  introduced  at  will, 
and  except  for  the  single  cut-off  already  present  in  the  cell-amplifier, 
no  additional  high-frequency  cut-off  will  initially  be  introduced  in  the 
channel  amplifier.  Short  recovery  time  is  essential,  and  it  is  tentatively 
assumed  that  as  long  a recovery  time  as  10  seconds  may  be  permissible  at 
the  input  of  the  CRD.  This  would  mean  a trail,  covering  an  appreciable 
part  of  the  360°  arc  on  the  screen  of  the  CRD. 


The  basic  circuit  diagram  is  shown  in  Fig.  2 with  the  AGG  circuits 
omitted.  for  signals  10  dbv  down  in  noise  the  gain  oi'  this  amplifier  is 
the  same  ns  the  finally  obtained  gain  in  the  final,  ACC  controlled  am- 
plifier. For  simplicity  it  is  assumed  that  the  same  tube  in  Class  A opera- 
tion is  used  throughout  the  circuit,  and  the  data  of  the  tube  may  ini- 
tially be  considered  similar  to  those  of  a conventional  pentode,  such  as 
6SJ7,  operated  in  resistance  coupling  at  high  plate  or id  screen  grid  vol- 
tages. Under  these  conditions  the  tentative  values  for  the  circuit  com- 
ponents may  be  as  follows:  in  Fig.  2 is  referred  to  as  R,.  in  the  cell- 

amplifier  write-up) 

R-i : 1 megohm 

Rr.i  0.25  » 

Rgj  1 » 

R4s  0.25  " 

%•  1 
R6:  0.25  « 

A subminiaturo  tube  that  would  be  useful  in  this  application  is 
CK 5 ? 0 2/CK GC 5CX  (similar  to  6AX5) c The  data  for  this  tube  as  a Class  Al 
amplifier  are  as  follows: 


Ci: 

0.6  mf 

C2i 

0.8  mf 

CS: 

0.6. mf 

6.3  volts 
0.2  amps 
180  volts 
120  volts 
7.7  laa 

2.4  ma 
5100  mhos 
0.60  megohm 
200  ohas 


The  signal  levels  will  first  be  discussed  assuming  the  AGC  require- 
ments non-existent.  The  required  gain  per  stage,  for  equal  gain  per  stage, 
is  68,  which  can  be  rather  easily  obtained.  The  minimum  signal  levels,  or 
noise  levels,  on  the  three  grids  is  then,  approximately 


3 /4V  0.2  mv  15  mv 

If  the  grid  bias  is  -Z  volts,  and  appreciable  positive  grid  current  is 
assumed  to  begin  at  ~0.5  volt,  the  maximum  peal:  signal  levels  for  linear 
operation  with  plus  on  the  first  grid  becomes,  roughly, 

0.5  mv  40  mv  2.5  v 


For  higher  signal  levels  the  third  stage  will  overload.  At  approxi- 
mately 40  mv  input  voltage  to  the  amplifier  the  second. stage  Trill # over- 
load, while  the  first  one  overloads  at  the  end  of  the  input  dynamic  range. 
For  still  higher  signal  levels  special  protection  devices  are  relied  upon. 


It  therefore  appears  possible  to  u3e  grid  current  limiters  in  all  three 
stages  to  help  limit  the  output  voltage  in  the  region  of  strong  signals* 

Such  on  arrangement  is  impractical,  however,  in  view  of  the  fact  that  ohe 
grid  voltages  may  be  of  either  sign. 

Before  a more  specific  discussion  is  entered  into,  the  difficulty 
due  to  the  polarity  of  the  signal  should  be  discussed.  Even  if  tho  signal 
on  the  first  grid  was  always  positive,  following  amplifiers  would  never- 
theless have  to  handle  both  positive  and  negative  voltages,  due  to  the 
alternating  nature  of  the  transient  response.  This  would  mean  that  com- 
pression by,  for  example,  grid  limiting  in  the  amplifying  tubes,  would  be- 
come very  difficult,  for  one  tube  limits  on  positive  input  pulses,  while 
the  next  one  does  not  limit  because  of  the  negative  input  pulse.  Generally, 
conventional  limiting  is  suitable  only  above  the  specified  signal  dynamic 
range,  to  prevent  overloading.  One  way  out  of  the  difficulty  is  to  give 
up  the  requirements  on  true  phase  response  in  the  output,  and  rely  upon 
two-way  rectification  between  stages  for  proper  operation.  Solutions  with- 
out rectification  inside  the  amplifier  trill  first  be  attempted. 

One  solution,  suggested  by  Dr.  Jones,  makes  use  of  rectification  be- 
tween stages,  and  external,  diode  limiters,  contributing  proper  amplitude 
levels  so  that  any  desired  response  curve  can  be  obtained  by  superposition. 

This  suggestion  will  be  given  consideration  later. 

Before  a discussion  of  different  .solutions  to  the  problem  entered 
into,  it  should  he  clearly  understood  that  many  solutions  are  possible,  al- 
though only  a few  are  indicated.  It  is  not  practical  to  go  much  further 
with  the  theoretical  investigation,  as  the  behavior  of  the  required  non- 
linear circuits,  and  the  final  response  curves  due  to  consecutive  compres- 
sion and  limiting,  are  so  much  easier  obtained  experimentally,  and  by  parameter 
relationships,  expressed  by  diagrams  obtained  from  measured  data.  It  is 
believed  that  experimental  work  would  coon  yield  circuits  superior  to  the 
ones  shown,  and  it  is  felt  that  under  till  circumstances  the  final  amplifier 
compression  circuits  will  be  made  up  of  various  elements  from  each  one  of 
the  shown  solutions,  which  represent  ideas  rather  than  engineering  design. 


2.  Consecutive  Limiting  by  Feedback  Loops. 

Initially,  it  is  assumed  that,  the  radiation  cell  scans  over  target, 
hotter  than  the  background,  and  that  the  output  from  the  cell  is  a 0.1 
seconds  long,  positive,  tell- shaped  curve.  This  pulse  therefore  appears 
as  n negative  pulse  on  the  input  'to  the  channel  amplifier.  It  then  follows 
that  controlled  negative  feedback,  one  loop  for  each  even  amplifying  stage, 
is  an  acceptable  solution,  assuming  that  the  broadening  of  tho  passband 
and  associated  change  in  transient  response  does  not  jeopardize  the  operation 
of  the  circuit.  At  extremely  weak  signals  the  amplifier  has  a narrow  pass- 
band,  yielding  maximum  signal- to-noiee  ratio,  while  at  strong  signal  it 
has  a wide  passband,  reducing  the  ill-effects  of  n ringing,”  but  increasing 
the  recovery  time.  If  fixed  networks  with  the  bandwidth  independent  of 
the  amount  of  feedback  ore  inserted  outside  of  tho  feedback  loops,  the 
influence  by  negative  feedback  on  the  overall  bandwidth  is  reduced. . The 
arrangement  with  one  feedback  loop  per  stage,  and  no  amplification  in  tno 
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feedback  networks,  eliminates  the  difficulty  of  instability,  end  provides 
the  desirable  AGO  characteristic  by  haring  the  th^ee  feedback  networks 
come  in  smoothly  at  three  specified  points  on  the  final  response  curve, 
Figure  1.  To  make  possible  the  use  of  feedback  loops  on  all  stages  and 
ior  any  sign  of  the  amplifier  input  pulse,  a phase-shiftor  must  bo  in- 
serted in  e^ery  feedback  )_oop,  or  a balanced  amplifier  scheme  used  for 
obtaining  the  same  response  from  a negative  voltage  as  from  a positive 
one.  The  requirement  on  polarity  independence  complicates  the  otherwise 
simple  feedback  loop  solution. 

A circuit  for  negative  pulse  operation  is  indicated  in  Fig.  3.  Due 
to  the  fact  that  a eatliode  follower  provide s matching  from  a high  im- 
pedance to  a low  impedance,  its, grid  can  be  connected  directly  to  the 
grid  of  the  following  tube,  while  its  cathode  is  used  as  "ground”  end 

for  the  amplifier  tube  grid  resistor  Fu-  As  a circuit  diagram  only  serves 
to  show  the  principle  involved,  bias  batteries  have  bean  inserted  to  sym- 
bolize proper  electrode  voltage  sources.  The  maximum  voltage  gain  in  the 
cathode  follower  is  approximately  one,  and  as  the  only  reactive  clement  in 
the  feedback  loop  is  the  grid  capacitor  for  the  following  amplifier,  no 
difficulties  with  instability  are  to  be  expected.  For  general  use,  when 
the  polarity  of  the  incoming  voltage  could' be  of  cither  sign,  the  required 
phase  shifter  may  have  the  form  of  a phase  reversing  tube  of  gain  1 and 
a second  cathode  follower.  Here  d .c.’  amplification  may  bo  used  so  as  to 
avoid  the  undesirable  phase  shift  and  time  delay  in  an  additional  RC  net- 
work. The  other  specific  solution  here  considered  is  a phase-reversal 
circuit  in  the  very  input  of  the  channel  amplifier,  so  that,  in  effect, 
two  independent  channel  amplifiers  recruit,  one  for  each  polarity  of  the 
input  signal  voltage.  With  this  arrangement,  all  voltages  are  compressed 
in' all  stages,  independent  of  sign.  If  so  is  required,  ' rectification  may 
be  added  in  the  channel  amplifier  output. 

The  cathode  follower  is  normally  biased  in  the  region  of  cut-off. 

When  the  output  voltage  from  the  amplifier  stage  exceeds  the  value  desig- 
nating the  delay  period,  plate  current  will  start  to  flow  and  then  increase 
in.  accordance  with  the  dynamic  characteristic  for  the  tube.  .With  proper 
choice  of  component  values  this  provides  a gradual  increase  in  the  cathode 
follower  amplification  ( ^ l).  slid  thus  in  the  feedback  factor.  This  in- 
crease can  be  properly  controlled  if  a constant,  small  direct  current  is 
maintained  through"  the  cathode  resistor,  see  Fig.  3,  Thus  negative  feed- 
back is  obtained  that  increases  with  the  signal  level,  providing  a charac- 
teristic that  can  be  adjusted  to  become  similar  to  the  desired  AGC  cliarac— 
terisoic. 

The  curve  in  Fis.  1 actually  requires  AGO  from  the  weakest  signals  en- 
countered, 10  db  down  in  noise.  For  this  the  highest  signals  encountered 
is  that  at  the  output  of  the  third  tube,  and  one  control  loop  circuit  in 
accordance  with  Fig.  3 may  be  inserted  hare  to  handle  the  main  part  of  the ^ 
first  20  db,  or  no,  of  dynamic  range.  Tills  means  input  signals  from  3/3,16 
or  approximately  1 micro  volt,  to  3*3.16,  or  approximately  10  micro  volts, 
and  total  amplifier  outputs  of  from  1 x 316COO  vs  0.516  volts  to  1.0  volts 
The  initial  output  voltage  of  0.316  volts  appears  to  be  Just  sufficient  to 
operate  the  circuit  in  Fig.  3,  but  it  should  be  noted  that  the  actual, 
non-signal  voltage  that  appears  on  the  output  terminals  is  set  by  noise, 


for  3 /tv  input,  and  is  0.56  volts.  The  proper  scale  factor  1:2  is 
secured  by  proper  choice  of  the  initial  C-point  and  by  adjustment  of 
the  resistor  Rg,  the  potentiometer  P,  and  the  steady  direct  current 
through  P.  When  the  signal,  level  becomes  larger,  the  Q-point  slides 
from  the  bottom  bend  of  the  characteristic  towards  the  linear  part, 
and  after  this  the  amount  of  negative  feedback  action,  tends  to  be- 
come constant  and  may  be  superimposed  on  additional  feedback  action, 
no v/  introduced  in  the  earlier  part  of  the  amplifier  to  handle  the 
initial  region  of  the  1:6  db/  range.  This  additional  feedback  action 
may  bo  obtained  from  another  circuit  of  the  form  shorn  in  Fig.  3, 
across  the  second  amplifier  stage,  and  later,  at  still  higher  input 
signal  level,  from  a third  circuit  of  tho  form  shorn  in  Fig.  3, 
arranged  across  the  first  amplifier  stage.  Thus,  for  the  main  and 
upper  part  of  the  DAG 1C  characteristic  all  the  circuits  arc  active, 
still  there  arc  no  connections  from  end  to  end  of  the  amplifier, 
jeopardising  the  stability. 

Port  of  the  upper  dynamic  range  may  be  handled  by  a limitor, 
following  the  third  amplifier  stage.  This  limiter  should  operate  on 
positive  as  well  as  negative  pulses,  and  may  be  made  to  serve  outside 
of  the  140  dbv  range,  associated  with  tt sun-protection*'  type  circuits. 

To  facilitate  the  choice  of  component  values  for  the  cathode 
follower  circuits,  the  AGO  curves  for  gain  and  output  voltage  have 
been  plotted  with  linear  scales  in  Fig.  5.  Substitute  curves  have 
been  used  to  provide  a smooth  transition  from  the  1:2  db  range  to 
tho  1:6  db  range.  The  most  attractive  solution  hero  is  by  means  of 
diode  limiters  or  clippers,  but  a different,  possible  arrangement, 
utilising  a phase  reversing  cathode  feed  arrangement  is  shown  in 
Fig.  4. 

The  circuit  in  Fig.  3 does  not  require  any  polarising  potential 
that  cannot  be  provided  by  well-known,  tube-circuit  techniques.  As 
a cathode  follower  is  essentially  a linear  device,  operation  must 
commence  at  or  beyond  cut-off,  so  that  the  cathode  follower  amplifi- 
cation, or  transmission  constant  ox  the  feedback  network,  varies 
from  a fraction  of  1 percent  to  20  percent,  or  so.  This  can  be 
achieved  in  practice,  end  corresponds  to  an  amplifier  stage  gain 
variation  from  68, or  sc,  down  to  approximately  a ten  times  lower 
value.  The  achievement  of  the  final  gain  value  for  the  entire  am- 
plifier does  not  present  too  serious  a problem,  for  already  at  the 
cross-over  point  tho  output  voltage  from  the  second  stage  is  suffi- 
cient to  contribute  to  gain  reduction  in  the  second  stage,  and  for  a 
still  larger  amplifier  input  voltage  the  first  stage  will  also  become 
active  and  contribute  to  the  overall  gain  reduction.  Furthex*,  cir- 
cuits as  the  one  shown  in  Fig.  4 will  take  care  of  the  upper  part  of 
the  characteristic,  and  it  is  therefore  safe  to  assume  that  calculation 
and  experimental  checks  should  be  centered  on  the  weak-signal  behavior 
of  the  control  circuits-. 
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Estimation  of  gain  reduction  with  a cathode  follower  feedback 
loon  on  the  third  stage  seems  to  indicate  tliat  it  i3  possible  to  pro- 
duce the  required  rate  of  change  of  gain  at  very  weak  signals.  A 
check  lias  been  made  of  the  rate  of  change  of  the  stage  gain  that  can 
be  obtained  when  a conventional  tube  operates  undor  most  favorable 
conditions.  This  check  proves  that  the  desired  overall  compression 
can  be  obtained,  and  that  if  some  wiggles  around  the  curve  sliov/n  in 
Fig.  1 are  permissible,  a satisfactory  consecutive  action  of  the 
three  cathode  follower  loop  circuits  obtains.  In  practice  the  "set- 
in”  points  for  the  three  circuits  must  be  adjusted  with  an  output 
meter  until  a smooth  final  curve  i3  obtained. 

The  use  of  cathode  follower  loops  may  introduce  some  difficulties 
in  maintaining  desired  transient  response.  If  balanced  amplifier  stages 
are  used,  and  the  rectified, total  outputs  combined,  sufficient  symmetry 
is  believed  obtainable  to  justify  the  complications  of  the  circuits. 

If  an.  unbalanced  scheme  is  used,  with  only  one  amplifying  channel  and. 
a phase  shifter  prior  to  each  cathode  follower,  ns  is  indicated  in 
Fig.  3,  symmetry  for  both  polarities  of  the  signal  is  also  obtainable; 
it  is  believed  to  the  degree  needed.  Both  the  balanced  and  unbalanced 
scheme  looses  symmetry  under  conditions  of  overloading.  It  is  nec- 
essary that  the  two  circuits  are  set  up  in  bread-board  form,  and  ex- 
perimental values  obtained,  before  any  definite  conclusions  regarding 
the  usefulness  of  the  feedback  loop  AGC  solution  arc  drawn. 


5.  Consecutive  Limiting  by  Diode  Pairs. 

The  simplest  solution  of  the  AGC  problem  would  be  to  utilize  the 
limiting  characteristics  of  tho  amplifying  tubes  themselves.  For  posi- 
tive sigrals  on  the  grid,  a smooth  and  adjustable  compression  is  ob- 
tainable by  means  of  grid  currents  through  the  grid  resistor  and  as- 
sociated resistors,  and  several  tubeB  may  be  made  to  add  to  tlie  overall 
attenuation  in  such  a way  that  the  desirable  overall,  response  is  obtained. 

To  secure  compression  from  the  weakest  signal  10  dbv  down  in  noise,  use 
must  be  made  of  at  least  one  grid  circuit  following  tho  third  tube,  from 
which  tho  minimum  output  voltage  is  0.516  volts.  Additional  compression 
is  obtainable  by  the  use  of  the  plate  current-grid  voltage  characteristic 
and  the  cut-off  region  of  the  tabes,  but  this  solution  may  not  be  attrac- 
tive, as  the  greatest  rate  of  change  of  the  tube  gain  obtains  towards 
the  end  of  the  dynamic  range,  and  beyond  this  point,  for  fixed  bias,  the 
regulation  comes  to  a stop  for  zero  plate  current,  unless  variable-mu 
tubes  are  used.  Another  means  for  compression  is  to  operate  tho  amplifying 
tubes  at  very  low  direct  voltage  on  the  plate,  so  tliat  for  increasing 
positive  voltage  on  the  grid  the  output  of  the  tube  becomes  limited.  While 
all  these  regulation  possibilities  lend  themselves  better  to  clipping  than 
to  smooth  AGC,  it  is  likely  that  the  desired,  final  response  can  be  ob- 
tained. assuming  not  less  than  three  amplifying  tubes  being  used.  Correc- 
tions of  the  compression  curves  can  be  obtained  by  special  component  values 
and  proper  arrangements  of  the  screen-grid  circuits.  By  the  use  of  multi- 
element tubes,  such  as  heptodes,  additional  control  features  can  be  secured. 


The  difficulty  in  all  these  schemes  utilizing  the  tubes  themselves 
as  control  element  is  the  fact  that  the  channel  amplifier  is  supposed 
to  work  the  sens  way  for  both  polarities  at  the  input  terminals.  Thus, 
while  for  a certain  signal  amplitude  there  would  be  no  limiting  in  the 
first  stage,  and  a total  gain  of, say  40000,  the  opposite  polarity  on  the 
amplifier  input  may  yield  no  limiting  on  the  first  stage,  good  limiting 
on  the  second  stage,  and  no  limiting  on  the  third  stage,  and  a total  gain 
of,  say,  100000. 

One  solution  to  the  above  problem  is  to  design  the  amplifier'  stages 
so  richly,  that  within  the  dynamic  voltage  ranges  on  the  tube  electrodes 
the  compression  is  negligible.  All  the  desired  compression  is  then  ob- 
tained from  two-way  diode  attenuation,  networks  between  the  tubes,  and 
after  the  last,  or  third  tube.  Fig.  6 shows  the  principle  for  this  ar- 
rangement, including  only  the  last-  two  tubes  in  the  amplifier.  It  follows 
that  for  very  weak  signals  the  diodes  operate  as  linear  rather  than  non- 
linear elements,  and  both,  half  cycles  of  an  a.c.  signal  applied  to  the 
amplifier  pass  through.  Rectification  sets  in  at  the  point  where  the  am- 
plitude has  reached  sufficiently  high  value,  and  it  follows  tiiat  this 
point  of  commencing,  limiting  action  moves  towards  the  input  end  of  the 
amplifier  as  the  input  amplitude  increases.  This  means  that  more  and 
more  compression  circuits  become  active,  and  for  strong  signals,  at  the 
upper  end  of  the  final  dynamic  characteristic,  all  compression  circuits 
are  active,  while  the  amplifying  tubes  still  operate  approximately  linearly. 
More  than  one  diode-pair  may  be  used  with  associated  network  as  is  shown 
at  the  output  end  of  the  amplifier. 

Tlie  diode  compression  method  does  not  require  any  additional  coupling 
capacitors,  nor  does  it  introduce  serious  problems  r.ith  regard  to  tran- 
sients and  recovery  time.  The  resistors  R4R5R3,  RgR^o^H,  Rlg%3K14>  a^d 
others  have  screw-driver  adjustments  s-o  that  the  overall  compression  curve 
can  bo  adjusted  whenever  so  is  required.  The  electrode  voltages  are  ob- 
tained from  a separate  rectifier,  or  partly  from  drop  resistors  in  the 
lead3  of  the  amplifying  tubes.  As  diode-pairs  an  equivalent  sub-miniature 
type  to  6R6  may  be  used,  to  the  extent  presently  available. 

Note  the  possibility,  pointed  out  by  Dr.  Jones,  of  replacing  R^ohll 
and  similar  units  by  just  one  resistor,  also  of  using  nonlinear  series 
elemonts. 


Tlie  diode  compression  circuit  and  the  cathode  follower  feedback  cir- 
cuit yield  a combination  of  interest,  in  which  the  diodes  not  only  act 
a3  part  of  an  attenuating  network,  but  also  provide  feedback  loops.  The 
principle  of  this  arrangement  is  shown  in  Fig.  7.  Tho  right  part  of  this 
circuit  may  Ixi  considered  identical  with  that  of  the  plate  side  of  the 
last  amplifying  stage  in  Fig.  6,  bat  the  left  part  is  different.  The  ground 
ends  of  the  diodes  arc  connected  to  serious  resistors^  providing  part  of 
the  grid  resistor  for  the  amplifying  tube.  Wlien  the  incoming  signals  are 
very  weak,  the  diodes  do  not  conduct,  and  the  circuit  operates  just  as 
ordinary  amplifier  stage  without  compression.  When  the  input  amplitude 
increases,  say  in  positive  direction,  the  diode  will  start  to  conduct 


•-*  0 • " 


and  a backing  voltage  will  appear  across  the  resistor  Rj,  so  that  nega- 
tive feedback  action  obtains.  At  the  s;one  time  there  vrill  be  a voltage 
drop  across  the  resistor  Eg.  Compression  therefore  obtains  both  for 
reasons  of  negative  feedback  and  for  reason  of  diode  network  attenuation. 
When  the  compression  becomes  extensive,  the  input  voltage  vail  start 
to  feed  an  appreciable  voltage  component  on  the  cathode  of  the  diode, 
so  as  to  slightly  increase  the  conductivity  of  the  diode.  All  theBe 
actions  can  be  blended  together  to  give  the  desired  shape  of  the  com- 
pression characteristic  for  both  positive  and  negative  input  voltages. 

The  required  diode  bias  can  in  the  case  of  Di  be  obtained  by  returning 
the  resistor  to  a point  X on  the  cathode  resistor  R^g,  v/liile  for 
Dg  a different  source  of  bias  voltage  is  required. 

The  diodes  arc  heated  from  a proper  filament  transformer.  Due  to 
the  low  signal  frequency,  and  reasonable  resistance  values,  no  particu- 
lar difficulty  is  expected  to  arise  from  the  arrangement  of  the  filament 
heater  circuits. 

If  so  is  desired  a second  pair  of  diodes  can  be  added  with  associ- 
ated attenuation  and  feedback  networks,  so  that  more  freedom  and  flexi- 
bility in  adjusting  tho  resulting  compression  characteristic  obtains. 
Another  moans  for  more  flexibility  in  adjustment  is  to  connect  a shunting 
diode  A in  series  with  a resistor  across  the  diode  D]  and  resistor 
(Similarly  another  diode  B across  the  diode  D2  and  resistor  Ro) . This 
arrangement  is  shown  in  principle  in  Fig.  7 and  in  detail  in  Fig.  8. 

If  by  choice  of  proper  bias  the  shunting  diode  A is  made  to  pass  an  ap- 
preciable current  in  the  same  direction  from  the  resistor  Rg  as  Q^, 
the  result  will  be  an  increase  in  the  attenuation  of  the  signal  via  Eg, 
but  a decrease  in  the  attenuation,  caused  within  the  proper  signal  in- 
terval by  tho  feedback  voltage  and  feedback  action,  which  will  change 
the  character  of  the  compression  curve. 


4.  Dge  of  f utput  Nonlinear  Network 

The  solution  suggested  by  Dr.  Jones  makes  use  of  resistance  networks 
and  diodes,  one  combination  for  each  amplifying  stage.  The  signal  is 
attenuated  in  stages,  so  that  the  diodes  are  excited  in  steps,  and  enter 
into  action  in  a sequence  tliat  will  give  the  desired  response.  While 
the  initial  part  of  the  total  output  is  contributed  by  tne  last  ampli- 
fier stage,  the  maximum  output  is  contributed  by  all  tlrrce  stages,  in 
proper  parts.  The  principle  of  this  circuit  is  shown  in  Fig.  9. 


With  reference  to  all  the  above  solutions  the  use  of  germanium  diodes 
may  bo  considered  at  the  side  of  tube  diodes.  The  former  do  not  require 
any  heating  source,  but  may  require  a thermostat  to  reduce  the  effect  of 
temperature  dependence.  The  latter  require  a heating  source  but  do  not 
require  a thermostat. 
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One  nonlinear  element  not  previously  mentioned  is  the  "variator" 
from  Bell  Telephone  Laboratoi’ies.  This  unit  replaces  a diode  pair  cind 
is  of  very  small  dimensions.  Serioun  consideration  of  the  varistor 
solution  .ic  recommended. 


HS/h 


C/7  a nr?  <p/  /)rr)/p//f/\ 


c/6v 
S.6Z* , 2Sr 

Output 
ro/rorje  ~2o 

I 

/S  - 


/f/  /‘Ymc?#- 
'S/'t/ 0*1 
re?  Son 


/r*#- 

sy/So* 

~3$s  / 

' Oise  r/ooaS 

Sm'*7  //*»,//„ y 


■ 6 


/oo  ooo 

£ M /S7  O oo 

$ m 3/6  ooo 
-JTnpot  vo/t* 


j r .■ 

O +/*  +20 


+ VO 


rrois*  ro/toje 


,3y  i 

>i 

+Bo  +too  ^ 6 v 
JTfiptst  tro/tofc 


Oec.  20.  /?90. 


POLAROID  CORPORATION 
RESEARCH  DEPARTMENT 


C/icrn/ye/  /)mpf/f/er 


e,„  *, 

! I — \*v\  .v 


I 

p > 

* 


'-f  V 


Ci 


-f 


*f-  or  — 

\fo/fage  />? 


% 


rtr 


i. 


+ 


/'  - \ 

- i.  - . \ 


PA*se 

sA///er 


. j. . 

POLAROID  CORPORATION 
RESEARCH  DEPARTMENT 


Oec.  20.  /??9 


C/) &/?/??/  f)mjp//f/er 


-t- 


3^ . ! 

Q/r)p//f.  | 





4 


& + 


*Y 


\W 


i 

^jL‘  :v' 


K ** 

L i 


t 

? 

« A 


- r> 

To 

SHf/tcAS/9* 

ft/6o 


-4 


POLARO.u  CORPORATION 

RESEARCH  DEPARTMENT 


Dec.  2o}  /9vf 


Charnne/  /hrtp/jft 


////c/usy/  /Buu&tfj 


K 


n 


, V)  % v 

1 ^ fS-^~  v 


t* 

8? 


t~  ’r  -■%  ~r  V 

1 Q>  <3* 


> 

S 


cf 

•*-  v,v  v — U n; ^ 

* •IN'J'l {Qh}-  - ■ (4$ 


£<  ft*  <$» 

s 

— i — '.\VVV'  “ 

r 


-f- 

i 


er 


■ N * / / '•/- 

ft? 

A.  A.  /’ 

ftcS 


4l 


<y 


n 


Oif 


Mi'* 

Mi1* 


1 A'-V.WV 

ft? 


ft? 


A 


POLAROID  CORPORATION 
RESEARCH  DEPARTMENT 


Ch  ann  &/  /)  m p //f/e  r 


Tn 


Channel 


/ 

/ 

i 


-t— o 

(X'f 


F'3-  ? 


■ A T i 1 1 

,,riCri  utPArM'M  .NT 


’/a#.  /0j  /9irf 


Distribution  List 


CONFIDENTIAL 


Copy  1 

Copy  2 

Copy  3 

Copies 

4-5 

Copy  6 

Copy  7 

Copy  8 

Copies 

9-13 

Copy  14 

Copy  15 

Copy  16 

Copy  17 

Copies 

18-20 


Aircraft  Radiation  Laboratory 
Engineering  Division 
Wright  Field 
Dayton,  Ohio 
Attn:  MCREER-33 

Engineer  Research  end  Development  Leboratorie; 
FortRelvoir,  Virginia 
Attn:  Mr,  0.  P.  Cleaver 

Evans  Signal  Laboratory 
Belmor,  New  Jersey 

Attn:  Dr.  Richard  Weiss 

Chief  of  the  Pureau  of  Ordnance 
Navy  Department 
Washington  25,  D.C. 

Attn;  Mr.  J.  N.  lee 

Director 

Navel  Research  Laboratory 
Washington  20,  D.C. 

Attn:  Code  610 

Chief  of  the  Bureau  of  Aeronautics 
Navy  Department 
Washington  25,  D.C. 

Attn:  Aer-EL-71 

Air  Materiel  Command 
Wright  Patterson  Air  Force  Base 
Dayton,  Ohio 
Attn:  MCREXE14 

Code  947A,  Bureau  of  Ships 
Navy  Department 
Constitution  Avenue 
Washington  ?5,  D.C. 

Antn:  Mr.  Darrj  Dauber 

Baird  Associates,  Inc. 

Cambridge  33;  Massachusi its 
Attn:  Dr.  Pruce  F.  Billings 

Dr,  E.  H.  land.  Director  cf  Research 
Polaroid  Corpoiv.t1.fjji 
Cambridge  39,  Massachusetts 

Dr.  E.  R.  Blout,  Associate  Director  of  Research 
Polaroid  Corporation 
Cambridge  39,  Messachusetts 

Dr.  R.  C.  Jones,  Senior  Physicist 
Polaroid  Corporation 
Cambridge  39,  Massachusetts 

In  the  files  of  the  Polaroid  Corporation 


CONFIDENT! 


UNCLASSIFIED 


UNCLASSIFIED 


